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ABB RE VIA TIO NS 
The following abbreviations have been used throughout this thesis. 
abbreviation 
CI-mass spectrum 
g.c. 
g.c./m.s. 
INEPTR 
n.m.r. 
PG 
stands for 
chemical ionisation mass spectrum 
gas chromatography 
the combined gas chromatography 
and mass spectrometry 
insensitive nuclear enhancement by 
polarization transfer 
nuclear magnetic resonance 
prostaglandin 
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ABSTRACT 
Prostaglandins, naturally occurring unsaturated polyoxygenated fatty acids with a 
C20 skeleton, are the most versatile, ubiquitous and powerful substances found in 
humans. Of all the prostaglandins, those of the E-series such as PGE1 (1) have probably 
the widest spectrum of biological activities. For example, PGE1 is an effective inhibitor 
of gastric acid secretion when administered intravenously and also a potent inhibitor of 
platelet aggregation. However, three major problems which are lack of oral activity, 
short duration of action and side-effects, have prevented the use of PGE1 (1) in the 
therapeutic treatment of peptic ulcer disease. Each of these problems has been overcome 
by the chemical development from PGE1 (1) of the synthetic analogue misoprostol (23), 
which is now becoming widely used for the treatment of gastric and duodenal ulcers. 
Effective syntheses of prostaglandins in general and misoprostol in particular have been 
achieved by two possible conjugate addition approaches; (A) introduction of the "lower" 
(m) side chain into a 4-hydroxycyclopent-2-enone which already possesses the "upper" 
( a) side chain, and (B) the highly convergent "three-component coupling process" 
involving organometallic-aided conjugate addition of the m side-chain unit to a 4-
oxygenated cyclopent-2-enone followed by trapping of the regiochemically defined 
enolate species by organic electrophiles having a side-chain structures. Misoprostol 
(23) is synthesised commercially and used clinically as a mixture of two racemates but 
only the (8R,11R,12R,16S)-isomer is active. 
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This thesis concerns the application of hydrazone chemistry to the synthesis of the 
potent prostanoid misoprostol (23). The work described is divided into four parts. The 
first part reviews current knowledge of the structures, biosyntheses, pharmacology and 
synthetic approaches to prostaglandins. The important conceptual modification of 
prostaglandin E1 (1) into misoprostol (23) and previous synthetic approaches to 
misoprostol are also described. The second part reviews C-C bond formation a to the 
carbonyl group of aldehydes or ketones by the so-called "hydrazone method", 
particularly as it relates to the author's proposed synthesis of misoprostol. The third and 
the fourth part describe the author's own work on syntheses and various chemical 
aspects of a variety of substituted N ,N-dimethylhydrazones. 
In Chapter 3, an approach to the synthesis of misoprostol (23) by using a highly 
convergent three-component coupling process to introduce two side chains into the 
cyclopent-2-enone ring, and hydrazone chemistry to create the desired w side-chain 
functionality and chirality, and also to provide the nucleophilic component for the 
coupling process, is proposed. Addition reactions of a-lithiated acetone N ,N-
dimethylhydrazone (64) with cyclohex-2-enone and cyclopent-2-enone were initially 
examined. In contrast to Corey's report of 1,2-addition, preferential 1,4-addition was 
observed in each case, giving the more significant 1,4-adducts (65) and (68) as the 
Yll 
major products. Further studies of addition reactions of various a-lithiated hydrazone 
anions with cyclic enones demonstrated that, under controlled conditions, the 1,4-
additions were favoured. Tandem addition-alkylation was also possible; clean formation 
of the tandem dialkylated product (76) was observed when triphenyltin chloride-
hexamethylphosphoric triamide were employed in the reaction of the anion (64) with 
cyclopent-2-enone and ethyl bromoacetate. 
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In Chapter 4, the 1,4-addition chemistry described in Chapter 3 is developed 
further in the context of the proposed misoprostol synthesis. Introduction of the 13, 14-
double bond in the m side-chain of misoprostol requires functionality adjacent to the 
hydrazone to direct olefin formation, and trialkylsilyl substituents were examined for this 
purpose. The bis-silylated N ,N-dimethylhydrazone (114) was obtained directly by 
treatment of acetone N ,N-dimethylhydrazone (63) with two equivalents of base and 
silylating agent, and rate studies indicated that the bis-silylated (114) was not the result 
of dianion formation but was formed from the monosilylated compound (115) in the 
presence of an excess of lithium diisopropylamide and t-butyldimethylsilyl chloride. The 
N ,N-dimethylhydrazone (125), which is the species which on ionisation is required to 
provide the functionalised m side-chain of misoprostol (23), was synthesised and its 
addition to 4-(t-butyldimethylsilyloxy)cyclopent-2-enone (80) to give the 1 ,4-adduct 
(130) was achieved. Difficulties encountered in the conversion of a-silylhydrazones 
into a-silylketones prior to reduction and Peterson olefination necessitated the 
development of new chemistry. An efficient conversion of a-t-butyldimethylsilylated 
N ,N-dimethylhydrazones into the corresponding olefins involving reduction of the N ,N-
Vlll 
dimethylhydrazone to N ,N-dimethylhydrazine functionality, followed by 1,2-elimination 
of the adjacent hetero-substituents, was achieved. Although the synthesis of misoprostol 
(23) via the proposed synthetic approach could not be completed due to time limitations, 
several interesting reactions were developed which may ultimately permit the target to be 
achieved. 
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1.1 Introduction 
Prostaglandins, 1-5 naturally occurring unsaturated polyoxygenated fatty acids 
with a C20 skeleton, are a group of closely related compounds that exert a wide array of 
physiological effects in a number of mammalian systems. Their potent biological activity 
has brought about extensive research on their biochemistry, chemistry, pharmacology 
and synthesis. 
Several review articles* have appeared in which different aspects of prostaglandin 
research, e.g., biosynthesis, pharmacology and synthesis, are discussed in detail. In this 
chapter, we will present an overview of prostaglandins. Since the aim of our project is to 
investigate a synthesis of misoprostol (23), a synthetic prostaglandin E1 analogue, using 
a three-component coupling process, we will focuss on relevant aspects of the chemistry 
of the E-type prostaglandins { e.g., prostaglandin E1 (1)} and misoprostol (23). 
* Some Reviews; a) J.S. Bindra and R. Bindra: Prostaglandin Synthesis, 1977, 
Academic Press, New York. b) A. Mitra: The Synthesis of Prostaglandins, 1977, Wiley-
Interscience, New York. c) G.A. Garcia, L.A. Maldonado and P. Crabbe: Prostaglandin 
Research, P. Crabbe (ed.), 1977, Chapter 6, Academic Press, New York. d) K.C. 
Nicolaou, G.P. Gasic and W.E. Barnette, Angew. Chem., 1978, 90, 360; Angew. 
Chem. Int. Ed. Engl., 1978, 17, 293. e) S.M. Roberts and F. Scheinmann (eds.):: 
Chemistry, Biochemistry, and Pharmacological Activity of Prostanoids, 1979, Pergamon 
Press, New York. f) R.F. Newton and S.M. Roberts, Tetrahedron, 1980, 36, 2163. g) 
S.M. Roberts and F. Scheinmann (eds.): New Synthetic Routes to Prostaglandins and 
Thromboxanes, 1982, Academic Press, New York. h) R.F. Newton and S.M. Roberts: 
Prostaglandins and Thromboxanes, 1982, Butterworth Scientific, London. 
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1.2 History 
Prostaglandins were discovered, 1 in 1930, by the New York gynecologist 
Kurzrok and pharmacologist Lieb who did an experiment in vitro with strips of human 
uterine tissue. They found that human semen could induce strong contraction or 
relaxation when applied to a human uterus. 
A few years later, Goldblatt in England and von Euler1 at the Karolinska Institute 
in Sweden discovered that one or more substances in human seminal fluid not only had a 
stimulatory action on a variety of smooth muscle tissue but also decreased blood pressure 
of animals when injected. In 1935, von Euler1 indicated that the biological activity was 
due to a lipid soluble material with acidic properties and called it "prostaglandin". In 
recent years the acronym "PG" has come into common usage, particulary in naming 
individual members of the group. 
Because of insufficient amounts of the natural prostaglandin, inadequate analytical 
techniques and the intervention of World War II, prostaglandin research was retarded for 
a number of years. 
In 1957, Bergstrom and Sjovall 1 isolated crystalline prostaglandin E1 { PGE1, 
(1)} and prostaglandin F1a {PGF1a, (2)} from sheep seminal vesicular extracts. A 
short time later, Bergstrom, Sjovall and Samuelsson 1 were able to differentiate and then 
isolate 13 different substances. It was not until 1963 that the structures of PGE 1 and 
PGF1a were elucidated and X-ray analysis of the tris-p-bromobenzoate of the methyl 
ester of PCiF l/3 (3) gave the absolute stereochemistry of the prostaglandins.1c 
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1.3 Structure and Nomenclature 
The prostaglandins are 20-carbon cyclopentane carboxylic acids based on the 
prostanoic acid skeleton.1 The numbering sequence begins at the carboxylic acid and 
proceeds to and around the ring and out to the terminal carbon. The natural 
prostaglandins have an a-hydroxy group (hydroperoxy in the case of PGG2) at C-15. 
s 3 1 9 COOH a side·chain 
10 
a, side.chain 
13 
Prostanoic acid 
The prostaglandins are grouped according to the type of chemical functionality 
present, and by the degree of unsaturation. So prostaglandins are divided into the E, F, 
A, B, C and D types by the nature of the functionality in the cyclopentane ring as shown 
in Fie, 1.1. 
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In addition, prostaglandins are divided into mono-, di-, or tri-unsaturated classes, 
according to the number of carbon-carbon double bonds in the parent E-type 
prostaglandins (Fi2, 1.2). 
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Fi 2, 1,2 The basic side-chain structures of the prostaglandins. 
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The number of double bonds in the side-chains are denoted by subscript numerals 
appearing after the name of the prostaglandin. Thus, prostaglandins E 1, F 1, A1 and B1 
have only the 13, 14-trans double bond while prostaglandins E2, F2, A2 and B2 have in 
addition a cis-double bond in the 5,6 positions (Fie, 1.3). 
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In summary, the general nomenclature2 of prostaglandins is 
PGXnaor f3 
where X denotes the functionality in the cyclopentanone ring. 
n denotes the number of double bonds in the side chains. 
F2a• 
and a or ,B denotes the stereochemistry of the C9 hydroxyl group, if present. 
The relative stereochemistry of the alkyl substituents on the cyclopentane ring, 
which are referred to as the a-chain for the upper side chain and as the (J)- or ,8-chain for 
the lower chain, is trans. 2h 
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1.4 Biosynthesis 
The prostaglandins are biosynthesised from certain fatty acids 1·2 (Fi2. 1.4) such 
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as arachidonic acid and dihomo-y-linolenic acid by a microsomal enzyme system, 
prostaglandin synthetase, which is widely distributed in mammalian tissues. They do not 
appear to be stored free in tissues, but biosynthesised as required to exert their biological 
role. The conversion of arachidonic acid into prostaglandins involves several steps each 
having its own particular enzyme (Fie, 1.5). 3 The first step involves the interaction of 
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Fig, 1,5 Formation of PGE2 and PGF2 a from an endoperoxide. 
COOH 
one molecule of arachidonic acid with two molecules of oxygen by prostaglandin 
cyclooxygenase to form the bicyclic endoperoxide which has a hydroperoxide function at 
C-15. Studies with isotopically labelled arachidonic acid (tritium at C-13) and 180
2 
have 
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shown that it is specifically the pro-S hydrogen at C-13 which is removed in the initiation 
process and that one molecule of oxygen provides both oxygen atoms at C-9 and C-11. 
Peroxidase activity results in the cleavage of the C-15 hydroperoxide to form the 
hydroxyl group. These findings suggested that the biosynthetic pathway from fatty acids 
to prostaglandins proceeds via an intermediate endoperoxide structure2a.3 which is either 
rearranged to form prostaglandins of the E-type or reduced to those of the F-type. 
Prostaglandins of the "one" and "three" series are synthesised in a similar manner from 
dihomo-y-linolenic and 5,8, 11, 14, 17-eicosapentaenoic acid. 
Prostaglandins occur in virtually all animal species and in nearly every cell or 
tissue that has been studied.4•5 Some plant species also contain prostaglandins,5 and the 
marine organism P lexaura homomalla la is one of the richest known sources of 
prostanoids (l.5-3% of dry weight). 6 Unfortunately, this coral raw material was not a 
good source of prostaglandins because PGA2 derived from this source contains about 3 
to 15% of the unnatural 5,6-trans double bond isomer which is difficult to remove at any 
stage of the conversion to PGE2, and another reason was the undesirability of harvesting 
these animal colonies without knowledge of their regrowth rate. 1a 
1.5 Pharmacology of Prostaglandins 
Prostaglandins are the most versatile, ubiquitous, and powerful substances found 
in humans.2b They seem to be involved in the regulation of endocrine, reproductive, 
nervous, digestive, hemostatic, respiratory, cardiovascular and renal systems. They also 
seem to have a modulating effect on lipid systems and carbohydrate metabolism as well. 
Although the mode of action of prostaglandins has not yet been clearly defined, it appears 
to involve secondary messenger systems (cAMP, cGMP and Ca2~. 
11 
Prostaglandins possess a diverse spectrum of biological activities. Some of the 
numerous therapeutic possibilities2b for the prostaglandins or their antagonists are 
summarised in Table 1. l; 
SYSTEM 
1. Reproductive 
2. Respiratory 
3. Gastrointestinal 
4. Cardiovascular-
Renal 
5. Platelets 
Table 1.1 
The Potential Clinical Utility of Prostaglandins 
MODE OF ACTION 
Stimulation of uterine smooth 
muscle; luteolysis. 
APPLICATION 
Induction of labor or term-
ination of pregnancy, mens-
trual regulation and control 
of the estrus cycle. 
Relaxation of bronchial smooth Treatment of asthma and 
muscle; bronchodilatation. bronchoconstriction. 
Inhibition of gastric acid secre- Treatment of peptic ulcer. 
tion. 
Vasodilation; increased cardiac Treatment of hypertension, 
output, regulation of renal shock, congestive heart 
blood flow and sodium excre- failure and impaired renal 
tion. 
Inhibition of platelet aggrega-
tion. 
function. 
Treatment and prevention of 
thrombosis. 
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1.5.1 The E-series Prostaglandins 
The E-series compounds, 1 b, lc,3 together with the F-series, were the first 
prostaglandins to be chemically characterised and synthesised, and were the most widely 
studied. Of all the prostaglandins, the E-series ( e.g., PGE1 (1)} have probably the 
widest spectrum of action. 
Like all the naturally occurring prostaglandins, the E-type compounds have a 
short duration of action in vivo. In the case of the E-series and the Fa-series, the lung is 
a major site of inactivation. This inactivation is accomplished by cellular uptake followed 
by enzymatic breakdown. 
E-series prostaglandins potently lower blood pressure in a variety of species 
including man. This hypotensive effect results from a direct relaxant action on vascular 
smooth muscle which produces vasodilation involving most vascular beds. Cardiac 
output (the amount of blood pumped by the heart in unit time) is increased, but this seems 
to be a reflex response to the vasodilation and does not involve a direct action on the 
heart. PGE1 and PG!½ are approximately equipotent as vasodilators. 
PGE 1 is a potent inhibitor of platelet aggregation. In contrast, PGE2 does not 
inhibit platelet aggregation, indeed in high concentrations it can potentiate aggregation. 
Both PGE1 and PGE2 have potent actions on the kidney. They increase renal 
blood flow, urine formation and sodium and potassium excretion. The effects on urine 
formation and electrolyte excretion seem to result from direct action on the kidney, 
although increases in renal blood flow may also play a part. 
Systematic administration of E-type prostaglandins to humans produces nausea, 
vomiting, abdominal cramps and diarrhoea. In experimental animals E-type compounds 
I 
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are powerful diarrhoea-inducing agents. This seems to result from an increased 
movement of water and electrolytes into the lumen. Stimulation of gut propulsion 
resulting from an action on intestinal smooth muscle may also play a part. The effects of 
E-series on gastrointestinal smooth muscle vary with species and region of the intestine, 
however, in general, longitudinal smooth muscle is contracted and circular smooth 
muscle is relaxed. In addition, they are powerful inhibitors of gastric acid secretion. 
They may, therefore, be of use in the clinical treatment of gastric ulceration in humans. 
There is some evidence that suggests that these compounds have an additional anti-ulcer 
action which is independent of their ability to inhibit acid secretion. 
The E-series compounds also have powerful actions on the uterus. 1c Non-
pregnant human uterus in vitro is usually relaxed, whereas pregnant human uterus is 
contracted by E-series prostaglandins. In contrast, both pregnant- and non-pregnant-
human uteruses in vivo are contracted by these compounds. 
A bronchoconstriction, or narrowing of the airways, results from the contraction 
of airway smooth muscle. One approach to the treatment of this asthma is the use of 
substances, bronchodilators, which relax airway smooth muscle. Although both PGE 1 
and P(}}½ cause bronchodilatation in asthmatic subjects when administered as aerosols, 
neither is suitable for the treatment of asthma1b since when administered by aerosol both 
cause intense irritation and coughing and severe side effects preclude administration by 
any other route. In addition, in some asthmatic subjects these prostaglandins cause 
bronchoconstriction rather than bronchodilatation. However, some synthetic PGE 
analogues may possess the bronchodilatory action without the bronchoconstrictory or 
irritant actions and might be useful in the treatment of asthma. 
There is also strong evidence that E-type prostaglandins are mediators of 
inflammation, fever and certain types of pains. The key finding that linked 
prostaglandins with inflammation, fever and pain was the discovery that the non-steroid 
14 
anti-inflammatory (aspirin-like) drugs inhibit prostaglandin synthesis by blocking the 
cyclooxygenase enzyme. These drugs inhibit inflammation, relieve pain and reduce 
fever, and their potency is correlated with potency as inhibitors of prostaglandin 
synthesis. These discoveries indicated that non-steroid anti-inflammatory drugs exert 
their therapeutic effects by inhibiting prostaglandin synthesis. 
1.6 Metabolism 
From investigations of prostaglandins in biological systems, it emerged2b that 
once formed, the prostaglandins are rapidly inactivated by enzymatic reactions which 
limit their sphere of influence. 
Prostaglandins of the E and F series are subject to three major modes of attack by 
metabolizing enzymes. 2b,3 The primary metabolic step is dehydrogenation at the C-15 
position by means of 15-hydroxy-prostaglandin dehydrogenase, followed by reduction 
of the 13,14-double bond, by ~ 13-prostaglandin reductase, to give the corresponding 
13,14-dihydro-15-oxo product. Subsequently, /3-oxidation of the carboxylic acid side 
chain occurs to remove sequentially C-1, C-2 and C-3, C-4 of the side chain, and finally 
important metabolic changes at the C-20 (m) orC-19 (w-1) positions to give a C-20 
carboxylic acid or C-19 hydroxy metabolite (Fh:, 1.6). 
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1.7 Prostaglandin Syntheses 
Prostaglandins are now recognised as significant local hormones controlling a 
multitude of significant physiological processes. 1a. 7 Development of efficient chemical 
syntheses has been necessary, because organic synthesis is the only means to supply 
sufficient quantities of these important but naturally scarce substances1a and to create the 
medicinally more cultivated artificial compounds. 1a 
Two major problems1b,2b encountered in the synthesis of prostaglandins are the 
sensitivity of the functional groups and the generation of required stereochemistry present 
in these molecules. For example, prostaglandin E2 has four chiral centers, a ,B-ketol 
functionality in the 5-membered ring, and two double bonds in the side chains. 
Stereochemical control at C-8, C-11 and C-12 which are contiguous on the cyclopentane 
nucleus and are mutually trans does not cause too many problems, since this is the more 
16 
stable preferred arrangement However, control of the fourth stereocenter at C-15 placed 
in a conformationally mobile side-chain, and at a considerable distance from influence of 
the ring, poses a much more difficult problem. 
Of the many elegant synthetic routes so far elaborated, the most widely used 
syntheses are those which were developed by Corey et al.8 and by the Upjohn Company9 
(Fii!, 1.7; the version on the right was developed by Corey, that on the left was 
developed at Upjohn). These two synthetic strategies are feasible on a large scale and are 
more than one hundred times as effective as the biosynthetic pathway using crude 
enzymes and polyunsaturated fatty acid precursors such as arachidonic acid or dihomo-y-
linolenic acid 10 
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Two commercial prostaglandln syntheses proceed through a common Intermediate. 
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Both versions cleverly solved the main problems in prostaglanclin synthesis: 10 
i) Selective creation of the four or five asymmetric centers in the prostaglandins of 
the E and F series, respectively, by utilizing the stereochemical characteristics of 
fused small ring systems which are then converted into the appropriate tetra-
substituted cyclopentane. 
ii) Stereoselective insertion of the C=C double bonds, by appropriate stereospecific 
Witting-type condensation. 
iii) Overcoming the instability of the /3-hydroxycyclopentanone structures in the E-
type prostaglandins, by generating the carbonyl functionality in the penultimate 
step. 
1.7.1 Approaches involving Conjugate Addition 
Although the methods developed by Corey and the Upjohn Company clearly are 
successful in supplying prostaglandin needs, chemists still continue to search for short, 
convergent, stereoselective prostaglandin syntheses. In prostaglandin syntheses, 
approaches involving "conjugate addition" are among the most attractive and have been 
studied extensively.2•5·10 An obvious dissection of the prostanoic acid skeleton would 
immediately suggest two possible routes A and B for this strategy: 
A. Introduction of the "lower" side chain (m side-chain) into a 4-hydroxycyclopent-
2-enone which already possesses the "upper" side chain (aside-chain), as illustrated by 
Eh:, 1.8. 
0 0 
COOH COOH 
-dH 
OH 
Fh:, 1,8 Conjugate addition of an a> side-chain to a cyclopentenone ring. 
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This approach was successfully pioneered by Sih et a!.11 The chiral 
organocuprate (5), prepared from the organolithium derivative of the OJ side-chain, was 
condensed with the racemic enone (4). The organocuprate attacks the 5-membered ring 
from the less hindered side, protonation then affording the thermodynamic trans-trans 
product. 
0 
COOEt LiCu 
+ 
OTHP (±)-(4) 
0 
COOEt 
• 
OTHP oy 
o'-...../ 
-
= oy 
2 
1. H30 
+ 
2. baker's 
0 
o'-...../ 
yeast PGE 1 
+ 
OH 
15-epl-ent-PGE 1 
-(n-C4H9)3P 
( 5) 
(1) 
COOH 
The Syntex group12 developed similar approaches. Of special interest is the 
Michael addition of the (Z)-cuprate derivative of (7) to the enone (6), which gave a much 
better yield than the corresponding reaction performed with (£)-cuprates. The requisite 
inversion of the configuration of the OH-groups on C-15 was accomplished by the 
procedure of Evans et al. 13 After removal of the tetrahydropyranyl protecting groups, 
racemic PGE1 methyl ester (+)-(8) was obtained. 
0 
OTHP 
0 
.. 
~ OTHP 
0 
.. 
~ OTHP 
COOMe 
(±)-(6) 
COOMe 
COOMe 
0 
.. 
~ 
OH 
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1. 2(Z)·R.LI-Cul-2(MeOhP 
0 
COOMe 
(MeOhP 
... 
.. 
~ OTHP OH 
COOMe 
(±)-(8) 
OH 
(7) 
B . A development of the previous conjugate addition processes is the so called 
"three-component coupling process". Among various strategies for prostaglandin 
synthesis, 2a. 10 this process is one of the ideal approaches in view of its directness and 
synthetic flexibility. It is a single-pot construction of the whole framework, as illustrated 
by Fi~. 1,9. via organometallic-aided conjugate addition of the m side-chain unit to 4-
oxygenated cyclopent-2-enones followed by trapping of the regiochemically defined 
enolate species by organic electrophiles having a side-chain structures. 
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0 o· 0 
Rai- R + 
Cl .. ,,,,Ra 
.... .... 
' ' ~-~ ... 
' " ' OR OR Rw OR 
Ei2. 1.2 The three-component coupling process. 
Although organocuprate reagents have been widely used for the 1 ,4-addition of 
an m side-chain block to a 4-oxygenated cyclopent-2-enone, the alkylations of relatively 
unreactive cuprate-generated intermediate species with a side-chain halides are very 
difficult, 10 due to enolate equilibration and elimination of the protected 4-hydroxy group 
(Fie, 1.10). 
0 o- o-
R.Cu 
.... 
..... ...,· 
,' 
" " Rm " Rw OR OR OR fR~ ! 
0 0 
.,,,,,Ra 
Fig. 1.10 Equilibration of intermediates from cuprate addition. 
However, this three-component coupling process can give a good result if the 
organocopper reagent is prepared from equimolar amounts of copper (I) iodide and 
organolithium compound and 2-3 equivalents of tri-n-butylphosphine. 10 
Noyori and co-workers 10 reported a three-component coupling procedure using 
the enone (9), the iodide (10) (as a building block for the m side-chain), and the 
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aldehyde (11) (a building block for the a side-chain). The aldol (12) was obtained as a 
mixture of diastereomers, and could be converted into PGE1 (1) by elimination of the 
hydroxyl function followed by reduction. 
0 
.. 
~ 
OTHP 
(9) 
0 
DMAP = 4-dlmethylamlmo- j 
0 
&rHP 
0 
pyridine. &rHP 
OTHP 
OH 
OTHP 
COOMe 
COOMe 
0 
OTHP 
OH 
OTHP 
( 12) 
porcine Ii ver est erase 
COOMe 
Zn, AcOH-(Me)iCHOH 
or (n·C•H 9hSnH 
(t-C 4H 90h 
PGE1 (1) 
( 10) RaCHO = OHC(CHi) 5COOMe (11) 
Tanaka, Noyori and their colleagues14 also reported a short entry to PGE1 by 
using the enone (13), the iodide (14) (as building block for the w side-chain), and the 
nitro-olefin (15) (as the building block for the a side-chain) in a variant of the three-
component coupling process. 
0 
.. 
"' OTBDMS 
( 13) 
(n-C4H9hSnH 
AIBN 
0 
.. 
.;:: 
OH 
a) R_Ll-Cul-(n-C 4H,hP 
b) nltro-olefin (15) 
0 
COOMe 
OH 
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( 14) 
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0 
COOMe 
fu'BDMS OTBDMS 
COOMe 
HF-Py 
OTBDMS 
porcine liver esterase 
PGE 1 (1) 
nitro-olefin = COOMe 
(15) 
Several possible solutions to the equilibration/elimination problem have also 
appeared. Noyori and co-workers15 have found that the initially formed enolate (~ 
1.10) resulting from the addition of an organocuprate to a protected 4-hydroxy-
cyclopent-2-enone could be trapped at low temperatures as the O-(triphenylstannyl) 
derivative which could be directly alkylated with a fivefold excess of RJ in the presence 
of hexamethylphosphoric triamide. In addition, Johnson et al.16 have postulated that the 
presence of the additional oxygen group constrained in a 5-membered ring, as in the 
acetonide derivative depicted in Fi2;, 1.11. would eliminate enolate equilibration by 
combination of dipole repulsion and angle strain, allowing alkylation to occur at the 
desired position. The acetonide can be reductively removed by treatment with aluminium 
amalgam to furnish the PGE skeleton. 
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"-J ,,· I "a''' 
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,· 
"' OH 
0 
PGE 
Fi2, 1,11 A possible solution to the equilibration/elimination problem. 
Recently, Noyori et al. 17 have investigated prostaglandin synthesis by using 
organozinc chemistry. They have found that they no longer need the phosphine-
complexed copper reagent or triphenyltin chloride. The addition of dimethylzinc 
enhances the efficiency of alkylation of lithium enolates 18 and the combination of this 
effect with the conjugate addition ability of lithium triorganozincates19 has simplified the 
three-component coupling synthesis (Fh:, 1.12). 
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(22) 5,6 triple bond, R = TBDMS 
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OTBDMS 
(17) M = LI 
(18) M = Sn(11-C 4 H ,h 
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(20) 5,6: triple bond 
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Fi~, 1.12 General synthesis of prostaglandins. 
Thus, the treatment of the silyloxy enone (16) with an equimolar mixture of (17) 
{generated from (18) and butyllithium} and dimethylzinc, and then with the a side-chain 
iodides (19) or (20) and some hexamethylphosphoric triamide, affords the PG 
derivatives (21) or (22) in a high yield after aqueous work-up. From these derivatives 
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(21) and (22), a range of prostanoids including PGEi, PGE2, PGD 1, PGD2, PGF1a, 
PGF2a and PGI2 can be obtained by adjustment of oxygen and olefin functionalities and 
deprotection. 
1. 7.2 Prostaglandin Interconversions 
Prostaglandins of different families (A, B, C, D, E, F, etc.) and series (1, 2 or, 3 
double bonds) can be interrelated by appropriate reactions. 1b·3 These conversions are 
now used to prepare specific prostaglandins from more readily available entities. One of 
0 OH OH 
..,, 
. 
-:. . . 
,,, C( ,,, \ \ \ 9 ,, .. . .. > ... > + > 
& ::: . . .. OH OH 
PGE PGFCI PGF,' 
the first and simplest conversions is the transformation of the E family into their F 
analogues by selective reduction of the keto function, but in these cases the 
corresponding 9,8-isomers can be formed as well. However, the use of highly specific 
reducing agents, e.g., 2,9-thexyllimonylborohydride (TLBH), produces stereo-
specifically the desired 9a-hydroxy isomer. The reverse transformation, or the 
conversion of the F to the E family, presents difficulties due to the three hydroxyl groups 
which are present in the molecule. 
The ,B-ketol system of the E family permits a controlled dehydration, thus forming 
the a,,8-unsaturated enone system of the A family. The reverse transformation is also 
possible. 
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0 0 
OH 
PGE PGA 
In addition, a PGA can be converted into a PGC and then a PGB by base 
treatment. This isomerisation is extremely fast and indicates that the B family is 
thermodynamically more stable than the starting entities. 
0 0 0 
,,,, 
,,, ,,, 
,,\, 
~ ~ 
1 1 
PGA PGC PGB 
Because of these known conversions any synthesis of a POE constitutes at the 
same time a synthesis of the corresponding PGF, PGA and PGB compounds. 
In summary, the important prostaglandin interconversions that had been reported by late 
197 6 are shown below. 5 
PGA 1 
1 
PGB 1 ~ PGE1 PGF1a ~ PGD 1 
1 I 
PGB 2 ~ PGE2 PGF2 a ... PGD2 
I 1 
PGC 2 ~ PGA2 
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1.8 Prostaglandin Analogues 
Because metabolism and degradation of natural prostaglandins occurs rapidly and 
to different extents in different tissues, the use of prostaglandins in therapeutic treatments 
is limited. Considerable effort has been expended on the synthesis of modified 
prostaglandins1•2·3 with the aim of overcoming the problems shown by the natural 
compounds, namely, lack of selectivity and oral activity, poor duration of action, and 
chemical instability (see Section 1.6). 
Various types of modifications have been investigated. 1 b, 2b,3 Above all, the 
modification of the (1)-chain of prostaglandins has proved highly successful for the 
synthesis of potent and selective analogues. 2b Many modifications were made in the 
vicinity of the 15-hydroxy group in efforts to resist the enzymatic C-15 dehydrogenation, 
the primary mode of metabolic inactivation of the prostaglandins. For instance, either 
introduction of a methyl group at C-15 or introduction of substituents adjacent to the 15-
hydroxy site, e.g., 16-mono and disubstituted alkyl and fluoro prostaglandins, gives 
compounds which are not only resistant to C-15 oxidation, but also retain the significant 
activities of the corresponding natural prostaglandins. Unfortunately, side-effects 
(predominantly gastrointestinal) observed during clinical evaluation of 15-alkyl and 16-
alkyl analogues appear to be obstacles to the further development of these compounds.2b 
Other changes, such as introduction of a triple bond in the 13, 14-position or 
transposition of the C-15 hydroxyl of prostaglandin E1 to the adjacent C-16 position, 
have been made in an effort to find an orally active prostanoid of specific biological 
activity that might find use as a drug. 
In the following sections, we will present details of misoprostol { 15-deoxy-16-
hydroxy-16-methyl prostaglandin E1 methyl ester, (23)}. Compared to the analogue 
natural PGE1, misoprostol possesses greatly increased oral potency and duration of 
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action. In addition, this synthetic compound is the first of a new class of antisecretory, 
cytoprotective agents to be approved for the treatment of acute duodenal and gastric ulcer. 
0 
COOMe 
MISOPROSTOL (23) 
OH 
1.8.1 Misoprostol 
A. Synthetic Development of Misoprostol 
Although PGE 1 is an effective inhibitor of gastric acid secretion when 
administered intravenously, its use in therapeutic treatment for peptic ulcer disease has 
been prevented by three major problems. Each of these problems,20 lack of oral activity, 
side effects, and short duration of action, has been overcome by the chemical 
development of misoprostol (23) from PGE1 (Fi1:, l,13). 
0 
~ 
... 
OH 
0 
OH 
0 
OH 
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COOH 
PGE 1 ( 1 ) 
OH 
! 
COOMe 
15-deoxy,16-hydroxy PGE 1 methyl ester 
OH 
l 
COOMe 
MISOPROSTOL (23) 
Fi~. 1.13 Synthetic development or misoprostol. 
The lack of oral activity of PGE1 results from the very rapid metabolic oxidation 
of the C-15 hydroxy group to the corresponding ketone. In order to achieve oral activity, 
the oxidation of the C-15 hydroxy group was blocked by introducing either a me thy 1 
group at C-15 (a tertiary alcohol cannot be oxidised) or two methyl groups at C-16 (steric 
inhibition). The resulting compounds were potent, orally active and long acting 
inhibitors of gastric acid secretion but the selectivity was not improved. 
A C-15 hydroxy group was absolutely essential for biological activity because 
either oxidation or removal of the hydroxy group produced pharmacologically inactive 
compounds. But a synthetic modification of the PGE1 structure, which has the lower 
side chain hydroxy group at the adjacent C-16 position instead of at C-15, possessed 
gastric antisecretory potency equivalent to PGE 1, and diminished the typical 
prostaglandin side effects, such as emesis and diarrhoea. However, this compound was 
still weakly active by oral administration and had a short duration of action. 
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Furthermore, enzymatic studies indicated that the C-16 hydroxy group could be 
inactivated by the 15-dehydrogenase enzyme like natural prostaglandins. In order to 
increase the oral potency and duration of action, a methyl group was added to C-16 of the 
synthetic 16-hydroxy prostaglandin. Fortunately, this synthetic compound, misoprostol, 
possessed greatly increased oral potency and duration of action. 
Like PGE1 and all prostaglandins of the E-type, misoprostol is chemically 
unstable at room temperature because of its sensitivity to both pH and temperature factors 
which results in dehydration and epimerisation (Fh:, 1,14).20 However, this problem 
has been solved by pharmaceutical formulation studies which led to a stable and solid 
dosage form. 
0 
0 
0 
.. 
" OH 
COOMe 
MISOPROSTOL (23) 
Acid or 7 ~ 
0 
COOMe 
PGA 1 Derivative 
COOMe 
PG B 1 Derlvatl ve 
8-Eplmer 
Fh~, 1,14 Degradation pathways of misoprostol. 
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B. Synthesis of Misoprostol 
Although misoprostol is structurally related to PGE1, its synthesis does not 
involve conversion of PGE1 into the 16-hydroxy-16-methyl series. The basic procedure 
consists of building the lower side-chain component, having the hydroxyl and methyl 
groups in the proper location, and then incorporating this component into a 
cyclopentenone precursor containing the upper side-chain. Collins and co-workers21 
described the synthesis of this compound by the conjugate 1 ,4-addition procedure. 
0 
COOMe Me 
+ [ C3H.,C = CCu ~ 
1. -60 °c 
MISOPROSTOL (23) 
Babiak and co-workers22 recently reported a development of the one-pot 
synthesis of misoprostol based on the in situ transformation of an alkyne, having the OJ 
side-chain structure of misoprostol, into a higher order cyanocuprate via zirconium 
intermediate, and subsequent conjugate addition to a 4-oxygenated cyclopent-2-enone 
which already possesses a side-chain as shown below. 
THF 
Me 
\ 
R
I 
JCu(CN)Li2 
0 
1. 
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Cp Cl 
\/ 
Zr 
c/~ 
2. AcOH:THF:H20 
(3:1:1) 
1. RLI (R = Bu or Me) 
2. CuCN 
3. MeLi 
R1 
MISOPROSTOL (23) 
In 1987, Tanaka et al. 23 reported an application of nitre-olefin trapping of 
enolates generated in situ by conjugate addition to the synthesis of misoprostol. 
Combination of (+)-(£)-1-iodo-4-methyl-4-trimethylsilyloxy-1-octene (25), the 
cyclopent-2-enone (+)-(24), and the nitre-olefin (26) gave (27) as a diastereomeric 
mixture, which afforded misoprostol (23) after denitration and deprotection. 
0 
OTBDMS 
( ±)·(24) 
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N02 
0 
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COOMe 
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Unlike natural PGE1 which is a single isomer, misoprostol is synthesised and 
used as a diastereomeric mixture of 15-deoxy-16-methyl-16-hydroxy prostaglandin E1 
methyl ester (23). Because of the potential utility of misoprostol as an antiulcer agent in 
man, the four pure stereoisomers which are (8R,11R,12R,16R)-, (8R,11R,12R,16S)-
and (8S,11S,12S,16R)-, (8S,11S,12S,16S)-misoprostol were prepared individually in 
order to study the biological activities of each stereoisomer.24 As shown in Eh:, 1.15, 
the pure (R)- and (S)-acetylenic alcohols (29) which are corresponding to m side-chain 
of misoprostol were obtained by resolution of the racemic hydroxy acid (28), and then 
conversion of the resolved acids (S)- and (R)-(28) by a series of steps which do not 
affect the chiral centre.24b The acetylenic alcohols (S)- and (R)-(29) were protected as 
(·)-Naphthyl-
ethy~ 
OH 
HOOC~1Me 
Bu 
(S)-(28) 
! series or steps 
! 
OH 
(±)-(28) (+)-Naphthyl-
~ne 
Me 
HOOC~110H 
Bu 
(R)-(28) 
series of steps ! 
i 
Me 
he I,, 
HC'l" ~ 1Me 
Bu 
.oc 1., 
HC--? ~ 110H 
Bu 
(R)-(29) 
I 
(S)-(29) 
Me 
I~ 
(S)-(30) (R)-(30) 
Fig. 1.15 Syntheses or vinyl iodides (30), corresponding to 
m side-chain or misoprostol. 
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their trimethylsilyl ethers, and then converted to vinyl iodides (S)- and (R)-(30). 
Conjugate addition of cuprate species derived from vinyl iodides (S)- and (R)-(30) to 
(l lS)- and (1 lR) (prostaglandin numbering)-cyclopentenone (6) in separate experiments 
0 
COOMe 
(llS)-(6) 
OH 
0 
COOMe 
( llR)-(6) 
... 
.... 
.... 
OH 
provided each of the 4 stereoisomers of (23) in pure form. It was discovered that only 
the (8R,11R,12R,16S)-isomer had significant gastric antisecretory activity. 
0 
COOMe 
(8R,11R,12R, 16S) · MISOPROSTOL 
OH 
1.9 The Present Project 
As mentioned above, misoprostol is synthesised commercially and used clinically 
as a mixture of two racemates, only one stereoisomer of which is active. This is an 
undesirable procedure in principle, since three-quarters of the preparation administered 
does no good and may result in as yet unknown long-term harm. Although the pure 
stereoisomers can be prepared, the procedures are complicated. The potential world 
market for antiulcer drugs has been suggested to be $1.5 billion and misoprostol is aimed 
at taking a part of this antiulcer drug market.25 Our attention has been focussed on 
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finding a simple procedure for the synthesis of the active isomer of misoprostol. In the 
present project, we have examined the synthesis of misoprostol by using a three-
component coupling process to introduce two side chains into the cyclopent-2-enone 
ring, and hydrazone chemistry to induce the desired chiral centers and w-chain 
functionality and to provide the nucleophilic component. The relevant details of 
hydrazone chemistry will be discussed in Chapter 2. 
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2.1 Introduction 
C-C Bond formations a to the carbonyl group of aldehydes and ketones, and, at 
the same time, formation of one or two new centers of chirality at the a- and/or /3-
positions are among the most important synthetic operations in organic chemistry. Most 
of the problems of this classical carbonyl chemistry, such as aldol type self condensation, 
di- and polyalkylation, control of regiochemistry, side reactions of products, and lack of 
reactivity, have been solved in the past two decades with lithio enolate type reagents. 1 
Especially metalated imines, oximes, and hydrazones (" azaenolates ") have been used 
extensively as reactive enolate equivalents in recent years. This chapter will summarize 
general procedures for asymmetric C-C bond formation a to the carbonyl group of 
aldehydes and ketones using the so-called "hydrazone method" .1 
2.2 The N ,N-Dimethylhydrazone Method 
In 1976 Corey and Enders2-4 demonstrated the great synthetic potential of 
metalated N ,N-dimethylhydrazones (DMHs) as highly reactive intermediates in 
regiospecific C-C bond forming reactions. The general procedures (Fi~. 2,1) involve 
transformation of carbonyl compounds to the corresponding N ,N-dimethylhydrazones 
(R 1 = dimethyl), metalation, trapping of the intermediate azaenolates with various 
electrophiles, and hydrazone cleavage to give carbonyl compounds. 
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metalatlon electrop h ile 
0 
(chiral) 
enolate equivalent 
(asymmetric) 
electrophlllc substitution 
0 
Fi2, 2,1 Electrophilic substitution a to the carbonyl group of 
aldehydes and ketones via metalated (chiral) hydrazones. 
There seem to be several unique advantages of the "hydrazone method", 
including1 
1. Quantitative formation of the hydrarones, even from quite hindered ketones. 
2. Great stability. 
3. Higher reactivity of metalated derivatives. 
4. Better yields in electrophilic substitution reactions. 
5. Greater variety of mild cleavage procedures, including oxidative methods at pH 7. 
6. Availability of corresponding cu prates. 
7. Excellent regio- and stereoselectivities in C-C bond-forming reactions. 
It is therefore not surprising that alkylation reactions of aldehydes or ketones via 
the corresponding N ,N-dimethylhydrazones have been widely utilized to synthesise a 
variety of organic compounds. 
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2.2.1 Synthetic Routes to Polyfunctional Molecules via Metalated 
N ,N-Dimethylhydrazones 
N ,N-Dimethylhydrazones of aldehydes and ketones, e.g., acetone N ,N-
dimethylhydrazone, can be metalated quantitatively in a-position by n-butyllithium 
and/or lithium diisopropylamide in tetrahydrofuran.5 The lithio derivatives obtained are 
highly reactive carbon nucleophiles. Their application6 as enolate equivalents will be 
discussed using as examples regiospecific aldol reactions, 1,5-dicarbonyl compound 
formation (regiospecific Robinson annulation, DMH-cuprates), and carbonyl olefination 
to a,/3-unsaturated aldehydes via a-silylated N ,N-dimethylhydrazones. 
A. ~-Hydroxycarbonyl Compounds; Regiospecific Aldo[ Reactions 
a-Lithiated N ,N-dimethylhydrazones undergo 1,2-addition to aldehydes and 
ketones to form /3-hydroxy N ,N-dimethylhydrazones in generally high yield. Oxidative 
hydrolysis with sodium periodate2•5 gives the aldol adduct (31) as shown below (the 
new bond formed is depicted as bold). 
MeiN"'--
N OH 
R3R4co I 
Rl 
Nal04 
0 OH 
R2 
(31) 
For example, the a-lithiated pentan-2-one N,N-dimethylhydrazone (32) reacts with 
crotonaldehyde (33) to give the /3-hydroxy N ,N-dimethylhydrazone (34).6 Oxidative 
hydrolysis of the resulting hydrazone (34) affords the aldol adduct (35) which 
dehydrates, upon treatment with methanesulfonyl chloride-triethylamine, to yield trans, 
trans-nona-5,7-diene-4-one (36). 
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Me.iN"'l.. 
N OH 0 OH 
I 
n-C3H7 n-C3H7 
( 3 4) ( 3 5 ) 
1 
/NMe.i ALI'+ 0 CH3CH=CHCHO 
n-C3H7 · .. ~ n-C3H7 
(32) (3 3) (3 6) 
B. 1,5-Dicarbonyl Compounds; DMH Modification of the Robinson 
Annulation 
The use of organocopper N ,N-dimethylhydrazone derivatives gives a wide range 
of new possibilities for C-C coupling and ring-forming operations in synthesis. For 
example, Robinson annulation of 2-methylcyclohexan-1-one usually leads to attachment 
of the methyl vinyl ketone equivalent at C-2 and eventual formation of the enone (37) . 
In contrast, reaction of the cuprate derivative of a-lithiated 2-methylcyclohexan-1-one 
N ,N-dimethylhydrazone with methyl vinyl ketone gives after oxidative hydrolysis the 
1,5-diketone (38) which undergoes Robinson annulation to yield the isomeric enone 
(39). 
0 
(37) (38) ( 3 9 ) 
It has been reported3 that only 1,2-addition is observed with enones and a-
lithiated N ,N-dimethylhydrazones; for example, a-lithiated acetone N ,N-dimethyl-
hydrazone and cyclohex-2-enone afford exclusively the N ,N-dimethylhydrazone of 1-
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acetonylcyclohex-2-en-1-ol ( 40). The orange cuprate derivative of acetone N,N-
dimethylhydrazone, however, undergoes clean 1,4-addition to cyclohex-2-enone and 
methyl 1-cyclohexenecarboxylate. 
( 40) 
C. a,f,-Unsaturated Aldehydes; Peterson Olefination via a-Silylated 
N ,N-Dimethylhydrazones 
The formal "crossed-aldol" coupling of two aldehydes (RCHO and R 1CH2CHO) 
to form an a,/3-unsaturated aldehyde is a highly useful operation in organic synthesis, 
especially in the synthesis of natural products. Among all the available processes for 
effecting such a chain extension, a new method for the synthesis of a,,B-unsaturated 
compounds by Peterson olefination via a-silylated N ,N-dimethylhydrazones was 
reported by Corey et al.4 The process may be typified by the sequence (41)~ ( 45). 
.rNMei 
N 
II LDA 
H ~SiM~ ---
( 42) 
,,,,NMei 
N A Li' 
H 'CH2 
( 41) 
,,,,NMei JL Li' 
H' 7· 
SiM~ 
( 43) 
R2 N 
r'"NMe2 
R1AAH 
( 44) 
( 45) 
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Trimethylsilylation of a-lithiated N,N-dimethylhydrazone (41) affords the trimethyl-
silylated aldehyde N ,N-dimethylhydrazone (42) which can be metalated with lithium 
diisopropylamide. Aldol condensation of enolate (43) with a carbonyl compound, and 
subsequent Peterson olefination gives the a,/3-unsaturated aldehyde N ,N-dimethyl-
hydrazone (44). Finally, hydrolysis of N,N-dimethylhydrazone (44) yields a,/3-
unsaturated aldehyde ( 45). 
This procedure appears to offer special advantages in dealing with complex, 
polyfunctional substrates, including high efficiency, procedural simplicity and mildness 
of reaction conditions. 
2.2.2 Cleavage of N ,N -Dimethylhydrazones to Carbonyl Compounds 
Regeneration of the carbonyl group from its derivatives under mild conditions is 
an important process in synthetic organic chemistry. With the introduction of procedures 
for alkylation of hydrazones, N,N-dimethylhydrazones have become useful intermediates 
(as ketone and aldehyde functional group equivalents) in organic synthesis.7 There has 
therefore been considerable interest in the development of mild techniques for the 
conversion of N ,N-dimethylhydrazones back into carbonyl compounds. Effective 
methods include acid hydrolysis,8 methylation and hydrolysis,8 and treatment with 
peracetic acid,9 ozone, 10 sodium periodate and periodic acid,2-4 copper (II) acetate, 11 
nitrosyl tetrafluoroborate, 12 molybdenum hexafluoride and oxytrichloride, 13 uranium 
hexafluoride, 14 tungsten hexafluoride, 15 cobalt trifluoride, 16 ether boron trifluoride 
complex, 17 Clay-supported Ferric Nitrate (Clay-Fen), 18 and silica gel. 19 
2.2.3 Conclusion 
a-Lithiated N,N-dimethylhydrazones serve as the im{X>rtant enolate equivalents in 
organic synthesis because they possess several unique advantages over enolates, in 
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particular, their convenient preparation, the lack of side reactions, and their higher 
reactivity towards electrophiles such as halides and carbonyl compounds. Cleavage of 
the resulting substituted N µ-dimethylhydrazones can be readily accomplished with mild 
procedures leading to a wide variety of functionalized carbonyl compounds. It is 
therefore not surprising that an increasing number of successful applications of metalated 
N ,N-climethylhydrazones in natural-product synthesis have been reported. 1a 
2.3 The SAMP-/RAMP-Hydrazone Method 
Roth and Kleeman 1c recently reported that more than half of all biologically active 
substances are chiral, bearing at least one or more centers of chirality. In many cases the 
biological activity of the enantiomers of an active substance is different. The synthesis of 
pharmaceuticals, pheromones, flavor and fragances, etc., of high enantiomeric purity is 
therefore of considerable significance and a challenge in synthetic chemistry. A solution 
to this problem is "asymmetric synthesis", and the development of new synthesis 
methods, especially those for asymmetric C-C bond formation, is of great importance. 
In recent years Enders et al. 1 reported an efficient and highly enantioselective 
method for asymmetric C-C bond formation a to the carbonyl group of aldehydes and 
ketones via metalated chiral hydrazones of (S)- or (R)-1-amino-2-methoxymethyl-
pyrrolidine (SAMP-/RAMP-hydrazones). SAMP is prepared from (S)-proline in four 
steps and 50% overall yield. RAMP is obtained from (R)-glutamic acid in six steps and 
35% overall yield. 
S-Prollne 
4 steps 
~~ 
SO% 
"SAMP" "RAMP" 
6 steps 
<== <=== 
35% 
R-Glutamic 
Acid 
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According to Fie, 2.1, the utilization of a chiral, enantiomerically pure hydrazine (R 1 = 
SAMP20 or RAMP21 ) as the chiral auxiliary in step 1 of the procedure leads to a "chiral 
version" of the hydrazone method and this approach has turned out to be very successful. 
2.3.1 Asymmetric Carbon-Carbon Bond Formations a to the Carbonyl 
Group via SAMP-IRAMP-Hydrazones 
Metalated SAMP-/RAMP-hydrazones are very reactive nucleophiles and can be 
reacted with a great variety of activated and unactivated electrophiles. 
A. Asymmetric a-Alkylations of Ketones and Aldehydes 
Employing the lithiated SAMP-/RAMP-hydrazones, excellent asymmetric 
inductions are observed in enantioselective a-alkylations of aldehydes and ketones. 1 In 
addition, using ether as solvent during C-C bond formation, the enantiomeric excesses 
are greater than 90% for all acyclic cases tested so far. A typical example demonstrating 
the synthetic utility of Enders' hydrazine reagent is the overall enantioselective synthesis 
of the simple acyclic ketone (S)-4-methylheptan-3-one [(S)-(47)], the principal alarm 
pheromone of the leaf-cutting ant Atta texa.na.22 
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j\ ~OMe 
~--x,TJ ~ 
N/ 
N H 
I 
(S)-( 46) 
SAMP 187% 
0 
1. LDA, Et2O ., 
2. n-C 3 H 7 I, -110° 
85% 
chemical yield: 61 % 
1 ee ~ 98% 1 
j\ ~OMe 
~ --X".~ N H 
N/ 
I 
(Z,S,S) 
82% 11. 2. Mel, 60° 6N HCl/pentane 
0 
(S)-(47) 
In the synthesis of (S)-(47), the (pro-S)-H of the two enantiotopic hydrogens of 
diethylketone in the form of its chiral hydrazone (S)-(46) is enantiospecifically replaced 
by the propyl group and thus, this classical electrophilic substitution of an acyclic ketone 
occurs with virtually complete asymmetric induction. le 
B. Asymmetric Aldo/ Reactions 
In principle, using the SAMP-/RAMP-hydrazone method, it should be possible to 
prepare all types A, B, C and D (Fh:, 2,2) of f>-ketols diastereo- and enantioselectively 
by transforming the carbonyl compounds into SAMP-/RAMP-hydrazones followed by 
metalation, reaction with another carbonyl compound, and cleavage. 
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1. R2NNH2 
2. RLI, THF 
3. R3R•co 
4. Me 3SiCI 
S. Cleavage 
(R2 = H) 
0 OH 0 OH 0 OH 
R1 Rl RI 
R2 
A B C 
0 OH 
or RI 
D 
Eh:, 2,2 Asymmetric aldol reactions. 
Enders et a/. 1a reported the regio- and enantioselective synthesis of ,8-ketols as 
shown in Fi~. 2,3. Transformation of simple methyl ketones into the corresponding 
SAMP-hydrazones (S)-( 48) and metalation with n-butyllithium afford the chiral lithiated 
hydrazones (S)-( 49). In an enantioface-differentiating reaction, the chiral nucleophiles 
add to the carbonyl group of aldehydes and ketones to yield after trimethylsilylation 
doubly protected ,8-ketols (50). Oxidative hydrolysis finally leads to the ,B-ketols (51) in 
good to excellent overall chemical yields (51-82%) and with enantiomeric excesses of 36-
62 % . 
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n-BuLI, TH1 
-78 °C 
(S)-(48) 
0 
R'~ 
MeOH, ~ deprotecllon 
0 OH 
total chemical yielJ 
51-82 % 
R1~R2 
R3 
(S 1) 
(31-62 % ee) 
Deprotection method: a) 30% H20 2, MeOH, pH 7 buffer; 
b) 10 2, Me2 S, hydrolysis. 
Fh~, 2.3 Regiospecific and overall enantioselective 
aldol reaction via SAM P-hyd r azon es. 
In the asymmetric alkylation of ,8-ketoesters, only medium enantioselectives were 
observed. 
Although the overall chemical yields are good, it was obvious that asymmetric 
aldol reactions via SAMP-/RAMP-hydrazones needed to be optimized. 1a Recently, 
Enders et al.1 found that diastereo- and enantioselectivities observed by employing boron 
azaenolates and titanated SAMP-/RAMP-hydrazones are very promising. Reetz and co-
workers23 also reported that titanated aldehyde hydrazones react erythro-selectively with 
aldehydes. 
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Another possibility for influencing the overall enantioselectivity in aldol reactions 
to form ,B-chiral ketols is variation of the R group on the pyrrolidine side chain, la as 
illustrated in Fi2, 2.4. 
(S)-(49) R = Me 
(S)-(49a) R = (C6H5))C 
0 OH 
• 
(+)·(52) (ee = 47%) 
(·)·(52) (ee = 38%) 
Fi2, 2,4 Opposite enantioselectivity through ligand control. 
Acetone SAMP-hydrazone (S)-(49) (R = Me) affords the /3-hydroxy ketone(+)-
(52) with an ee of 47%, whereas the corresponding (S)-(49a) hydrazone {R = 
(C6H5)3C} gives the /3-hydroxy ketone (-)-(52) with an ee of 38%. In the other words, 
variation of the R group on the pyrrolidine side chain can lead to the preparation of both 
enantiomers of a single compound in excess by employing only (S)-pyrrolidine 
hydrazine as a chiral auxiliary (opposite enantioselectivity through ligand control). 1a 
C. Asymmetric Synthesis of P-Substituted S-Ketoesters via Michael 
Addition 
Lithiated SAMP-/RAMP-hydrazones of methyl ketones undergo conjugate 
addition to a,/3-unsaturated esters in good overall chemical yields and with practically 
complete 1,6-asymmetric induction_ lc,d In the other words, these asymmetric Michael 
additions via SAMP-/RAMP-hydrazones (Fi2, 2.5) offer a simple entry to synthetically 
very useful /3-substituted 8-ketoesters in selectivities of 96--100% ee. 
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1. LDA, THF, -78 °C 
2. ( 5 3 ) 
(S) 
f\ ~ OMe 
~ -_X,;H" 
N 
N.,.r R2 0 
I 
SAMP - · ····· ··· · rec7_cllng •. fkoMe 1. 0 3, CH2Cl 2, -78 °C 
2. nash chromatograph y 
I NO 
0 0 0 R2 0 
R'A R2~0Me 45-62 % R1 + OMe 
(53) (R) 
ee 96- ... 100% 
Fig. 2,5 Asymmetric synthesis or ,8-substituted 8-ketoesters 
via Michael addition of SAM P-/ R AMP-hydrazones 
to a,,8-unsaturated esters. 
D. Asymmetric Synthesis of Primary Amines 
Furthermore, SAMP-/RAMP-hydrazones can be used to prepare primary amines 
with high regio-, diastereo-, and enantioselectivities. 1b,c In principle, a selective 
reduction of the CN-double bond followed by N-N bond cleavage of SAMP-/RAMP-
hydrazones leads to "a-chiral" amines A, "a,/3-chiral" amines B, and also "/3-chiral " 
amines C (Fi~. 2,6). 
-A 
, 
reduction 
N-N-cleavage 
Asymmetric Reductive 
Amlnatlon of Ketones 
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B 
treductlon 
jN-N-cleavage 
I base, EX 
• 
.rNR2 
N 
Rl II 
~R2 
1 
A I ky I a lion / Reductive 
Amlnatlon of Ketones 
)
reduction 
N - N -clea v age 
I base, EX 
0 
R'0 
A I kyla ti on / Red uctl ve 
Aminatlon of Aldehydes 
Fh?, 2,6 General asymmetric synthesis of a- and/or ft-substituted 
primary amines via SAMP-/RAMP-hydrazones. 
In the case of asymmetric reductive amination of ketones via SAMP-hydrazones 
to form "a-chiral" primary amines (Fie, 2,7}, both enantiomers can be obtained in 
excess by simply changing the reducing agent. 1b,c For example, reductions with lithium 
aluminium hydride (LAH) lead predominantly to primary amines with the (S)-
configuration in excess, whereas reductions with catechol borane (CB) lead 
predominantly to (R)-amines. 
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ee = 50·94% 
LAH - (S) 
CB -(R) 
42·60% 
SA MP -·········· rec y cl Ing ............... . C)c-oMe 
78•80 % 
1 
(EIZ)·(54) 
l 1. base 
' 
: 2. H+ 
N H 
I 
H (S) 
LAH, THF, 20 °C 
or CB, CHCl3, ·78 °C 
84·89% 
' 
l (deprotonation/ 
·················,.-epr.ot.onatioo··· ·,.:ickT····· (E) or (Z). ( S 4) ...... J 
Ra·NI /H 2 
MeOH, 3.5 bar 
60 °C 
65·84% 
Fig, 2,7 Asymmetric synthesis or a-chiral primary amines by 
reductive amination or ketones via S AMP-hydrazones. 
Furthermore, it was found lb,c that the (E/Z)-ratio of the unsymmetrical hydrazone (54) 
is a limiting factor for the final enantioselectivity reached in the amine (55). Thus, use of 
a deprotonation/reprotonation trick (Fi2, 2.7) can increase the enantiomeric excesses of 
the amine products. For instance, in the asymmetric synthesis of (R)-phenethyl amine 
(56) the asymmetric induction was enhanced from 60 to 81 % ee by using the 
deprotonation/reprotonation trick as shown below. 
(56) 
(E/Z)-ratio 
- 8:1 
only (E) 
% ee (LAH) 
70 (S) 
% ee (CB) 
60 (R) 
81 (R) 
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2.3.2 Cleavage of SAMP-IRAMP-Hydrazones 
To complete the overall asymmetric electrophilic substitution a to the carbonyl 
group, the chiral auxiliary is removed in the final step (step 4 in Fi2, 2.1) of the general 
procedure. In the case of SAMP-/RAMP-hydrazones, two variations have proved to be 
practically useful and sufficiently mild to regenerate the very sensitive, optically active 
aldehydes and ketones. 1a 
A. Cleavage of SAMP-IRAMP-Hydrazones by Ozonolysis 
Ozonolysis la of SAMP-/RAMP-hydrazones, in dichloromethane at -78 °C, is 
very clean. The desired carbonyl compound (58) and 1 equivalent of the nitrosamine 
(S)- or (R)-(59) are obtained in quantitative yield. Reduction of the nitrosamine also 
allows a recycling of SAMP/RAMP. 
(57) 
-78 °C 
"quantitative yield" 
0 
.J. • ~R3 + 
Rl-" T 
R2 
(58) 
(koM, 
N H 
I 
NO 
(S)-(59) 
80% LAH, THF 
SAMP recycling 
Although the mechanism of the ozonolysis is not exactly known, it is suggested la that the 
oxidative CN bond cleavage starts with intermediates of type (60a) or/and (60b), which 
can directly decompose to the carbonyl compounds (58), oxygen and an aminonitrene 
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(61); under the reaction conditions (61) can be oxidised to the nitrosamine (S)-(59) 
(Fi~. 2,8). 
( 57) 
(S)-(59) 
OMe OMe 
+ 
N~ 0 
R±O) 
R2 R3 
j-o, 
n,A,..OMe 
~NAH ~ 
I 
INI 
(61) 
( 60 b) 
+ (58) 
Eh:, 2,8 A proposed mechanism for ozonolysis. 
This method cannot be applied in the presence of other functional groups which are not 
compatible with ozone under the reaction conditions. Advantages of the oxidative 
cleavage by ozonolysis, however, are the extremely mild reaction conditions, low 
temperature (-78 °C), neutral milieu, short reaction times, ease of detecting the end of 
reaction (appearance of a green-colored mixture of yellow nitrosamine and blue ozone), 
excellent, almost quantitative yields, and the lack of any racemization of the sensitive 
aldehydes and ketones during the operation. 
B. Acidic Hydrolysis of SAMP-IRAMP-Hydrazones via Their 
Methiodides in a Two-Phase System 
SAMP-/RAMP-Hydrazones are converted into optically active carbonyl 
compounds by treatment with an excess of methyl iodide at 60 °C and subsequent 
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hydrolysis, without further purification of the reaction mixture (62a and 62b), in a two-
phase system (1-6 N hydrochloric acid-n-pentane ), as illustrated in Fie, 2.9.1a 
(S) (S) 
ou· ! 40-50% 
t\ ~OMe 
"'- _ X/n ,_ N H 
I 
N 
HC/ 'H 3 
(S) 
t\ ~OMe 
"' __ X,TT -N H 
I 
/2N 
HC 7 2 
(S) 
l 1-6N HCl-n-penlane 
(5 8) 
t\ ~OMe 
"' __ X/TT -N H 
I 
NH 2 SAMP 
recycling 
. ····~---·---~~!. ________ ,,,·' 
',, , 
··.. hydrolysis / 
~ ••....•.•••••.•.... •... , 
Fi2, 2,9 Methylation and hydrolysis or S AMP-/ RAMP hydrazones. 
The advantages of this procedure include: 
1. The carbonyl products are obtained in good to excellent yields. 
2. Only short reaction times are required, e.g., 15-60 min. 
3. This two-phase procedure occurs without any racemization. 
4. And at least a partial recycling of SAMP or RAMP is possible. 
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2.3.3 Conclusion 
Utilizing SAMP/RAMP as the chiral auxiliary, this modification of the original 
hydrazone method leads to efficient and highly enantioselective procedures for C-C bond 
formation a to the carbonyl group of aldehydes and ketones, as summarized in ~ 
2.10. 1 
0 
R')yE 
R2 
j-ee_>_9_0_%_1 ,. 
Acyclic ketones ·· ... 
·-. 
......... 
0 
lee = 20-60% I 
P-Keto esters 
• I I 
I 
OR 
RICH~-------· (\ ~ OMe 
~--A/TT~ 
E 
lee > 90% I 
Aldehydes 
0 
jee = 60-99% I 
Cyclic ketones 
N H 
I 
NH2 
,, 
,,, ... -··· 
E 
SAMP RAMP 
' 
' 0 OH 
I High de and ee I 
Aldol adducts 
,,,,,,,' 
,,,,' 
··' 
NH2 
R1~R2 
jee = 50-94% I 
"a-Chiral" amines 
jee > 90% I 
"P-Chlral" amines 
E 
j High de and ee I 
"a,JJ-Chlral" amines 
Fig. 2.10 Synthetic scope of the S AMP-/ R AMP-hydrazone method. 
The SAMP-/RAMP-hydrazone method, as a modern version of the classical 
enolate chemistry, seems especially well suited for asymmetric electrophilic substitutions 
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of conformationally flexible acyclic ketones and aldehydes, which are generally the most 
difficult to achieve. It is therefore not surprising that highly successful applications of 
this new method in enantioselective syntheses of various natural products have been 
reported, several of which are exemplified in Fie, 2.11. 
I. Butmann ti aL 
1981 unpublished 
2. Nlcolaou ti 
"'· J.A111.Cltt111.Soc., 
19 81, 1..Jt..L 6967, 6969 
3. Penn an en 
Acla.Cltt111.Sca11d. 
1981, 8~ 555 
4. Mori ti aL 
Tttralttdro11, 1982, 
~ 3705 
HN 
,,, 
,, 
.• 
C02H 
-H 
0 
0 
'\ 
, 
~--
Pheromones 
ee ~ 5 % 
lonophore Antibiotic 
X 14547 A 
de = 95% 
ee = 82% 
Sesqulterpene 
I ee = 89% I 
Pheromone 
(cigarette beetle) 
as active as 
natural pheromone 
ee ,9 9 % 
Fi2,2, 11 Synthetic applications of the SAM P-/ R AMP-hydrazone 
method in natural product synthesis. 
2.4 Outlook 
The hydrazone method is a highly successful method for C-C bond formation in 
the a-position to a carbonyl group, with the possibility of efficient stereocontrol if 
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desired. Thus, an increasing number of successful applications of hydrazone 
methodology in natural-product synthesis have been reported. 
This thesis examines various aspects of the application of hydrazone chemistry to 
the total synthesis of the synthetic antiulcer prostaglandin analogue, misoprostol, 
described in Chapter 1, Section 1.8.1. We expect hydrazone methodology to enable 
development of cv-chain functionality, to provide the nucleophilic component for a three-
component coupling process, and to permit induction of several stereogenic centers with 
appropriate chirality. The synthetic strategy is discussed in detail in Chapter 3. 
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3.1 Introduction 
0 
COOMe 
MISOPROSTOL (23) 
OH 
Misoprostol (23), a synthetic PGE1 analogue, is the first marketed prostaglandin 
for the treatment of ulcers. It has been claimed that this drug has a dual action inhibiting 
gastric acid secretion and also enhancing the stomach's natural defence against 
inflammation and in jury .1 
As described in Chapter 1, Section 1.8 (part B), the key step in the synthesis of 
this compound is either the stereospecific conjugate addition of a cuprate species having 
the m side-chain structure to a 4-hydroxycyclopent-2-enone which already possesses the 
a side-chain,2 or the direct three-component coupling process of the two side chains to a 
4-oxygenated cyclopent-2-enone.3 In either case, the reaction establishes directly the 
trans, trans correct relative stereochemistry for the substituents on the cyclopentanone 
ring. Although misoprostol is synthesised commercially and used clinically as a mixture 
of two racemates, only the (8R,11R,12R,16S)-isomer is active.4 
0 
COOMe 
(SR ,1 IR ,12R ,16S) - MIS O PR OSTO L 
OH 
If only one of a mixture of stereoisomers carries the desired biological activity, it 
1s clearly undesirable and usually unacceptable to use the mixture in human 
chemotherapy. Consequently we turned our attention to search for a simple procedure 
for the synthesis of the active isomer of misoprostol. In our project, we were particularly 
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interested in the synthesis of this active isomer by using a highly convergent three-
component coupling process to introduce two side chains into the cyclopent-2-enone 
ring, and hydrazone chemistry to create the desired OJ side-chain functionality and 
chirality, and also to provide the nucleophilic component for the coupling process. 
3.2 The Proposed Synthesis of Misoprostol 
From our retrosynthetic analysis (Fie, 3,1), misoprostol is synthesised in its 
protected form. Introduction of the olefinic functionality between the C-13, 14 positions 
could be accomplished by interaction of the Z-substituent at C-13 with a functionality 
derived from the C-14 hydrazone, e.g., via Peterson olefination.5 The enolate derived 
from the 1 ,4-addition reaction of an a-lithiated hydrazone, having the "lower" side chain 
structure of misoprostol, with a 4-oxygenated cyclopent-2-enone could undergo 
alkylation with an electrophile, having the "upper" side chain structure of misoprostol. 
Aldol reaction of an a-lithiated anion of the Z-substituted acetone hydrawne with hexan-
2-one could afford the 16-hydroxy-16-methyl hydrazone which could be re-metalated by 
lithium base to give the a-lithiated hydrazone for the 1,4-addition step. Introduction of 
the Z-substituent could be accomplished by a substitution reaction of a-lithiated acetone 
hydrawne with an electrophile carrying the desired Z-substituent. 
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MISOPROSTOL (23) 
De protection 
COOMe 
il Olefin Introduction 
COOMe 
z 
Enolate Alkylation 
+ 
X 
1,4-Addition Reaction 
z 
NR2 Aldol Reaction 
N.,._.. 0 
~-
+ 
z 
il Hydrazone Substitution 
.A + zx 
R 1 = protecting group. 
H 
.. OCH3 I ,,, 
N '' 
ZX = reagents In which Z group later permits olefin formation. 
X = leaving group 
Fi2, 3,1 The proposed synthesis of misoprostol. 
COOMe 
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As shown in Fie, 3.1. the target molecule is assembled around a key unit of 
acetone hydrazone. Hydrazone anion chemistry is then used in several steps of this 
route: 
i) in the hydrazone substitution step, to introduce the Z group which will later 
permit regiospecific olefin formation between C-13 and C-14. 
ii) in the aldol reaction, generating the tertiary alcohol at C-16. 
iii) in the 1,4-addition step, to generate a regiospecific carbanion for reaction with a 
4-oxygenated cyclopent-2-enone. 
iv) indirectly in the enolate alkylation, by providing (via iii) the anion to which the a 
side-chain can be attached by enolate trapping. 
v) indirectly in the olefin introduction via (i). The Z group introduced at C-13 in (i), 
by interaction with functionality derived from the C-14 hydrazone, directs olefin 
formation. Without the Z group, elimination of functionality at C-14 would give 
a mixture of 13,14- and 14,15-olefins. 
With regard to stereochemical aspects of this process, the tandem addition-
alkylation steps in (iii) and (iv) would be expected to proceed so as to give the required 
trans, trans-substituted cyclopentanone. Use of the appropriate RAMP- or SAMP-
hydrazone should permit control of the desired absolute configurature at C-16 in (ii). It 
is also possible that use of a chiral hydrazone, which in the 1 ,4-addition step would also 
be carrying extra chirality at C-16, might selectively react with one enantiomer of a 
racemic 4-oxygenated cyclopent-2-enone to achieve kinetic resolution of this enone, and 
thus obviate the need to use optically pure enone. 
With regard to the crucial tandem addition-alkylation steps (iii/iv), literature 
precedent6 would indicate that lithiated hydrazones add 1,2 rather than 1,4 to a cyclopent-
2-enone ring, and that prior conversion of the lithiated hydrazone anion into a cuprate 
reagent would be necessary in order to promote 1,4- rather than 1,2-addition. However, 
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this conversion would probably be accompanied by considerable difficulty in alkylating 
the resulting unreactive copper enolate.7 
In this chapter, we will describe the preparation of several N ,N-dimethyl-
hydrazones and their a-silyl derivatives, and the re-examination of the reported 1,2-
addition of a-lithiated acetone N ,N-dimethylhydrazone with cyclohex-2-enone. 
Moreover, we will describe various aspects of the chemistry of N ,N -
dimethylhydrazones, including their addition reactions with various cyclopent-2-enones 
and other conjugated ketones, the tandem addition-alkylation of enolates derived from 
1,4-addition of a-lithiated acetone N ,N-dimethylhydrazones to cyclopent-2-enone rings, 
and the conversion of the N ,N-dimethylhydrazone adducts into their carbonyl 
derivatives. 
3.3 Model Studies using a-Lithiated Acetone N ,N-Dimethylhydrazone 
(64) 
LDA,THF 
(63) (64) 
As described in Chapter 2, Section 2.2.1 (part B), addition of a-lithiated acetone 
N ,N-dimethylhydrazone (64) to cyclohex-2-enone was reported6 to afford exclusively 
the 1,2-adduct (40). However, the cuprate derivative of a-lithiated N,N-
dimethylhydrazone (64) gave rise to 1,4-addition with cyclohex-2-enone.6 
Since preferential 1,4-addition was essential for our purposes, and since a lithium 
enolate would have substantial advantages over the copper enolate for the subsequent 
alkylation, we first re-examined the reported 1,2-addition of a-lithiated N ,N-
dimethylhydrazone (64) to cyclohex-2-enone, and also to cyclopent-2-enone. 
·,-
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3.3.1 Preparation of Acetone N ,N-Dimethylhydrazone (63) and its 
Addition to Cyclic Enones 
Acetone was converted into the corresponding N ,N-dimethylhydrazone (63) by 
refluxing with N ,N-dimethylhydrazine. 8 Treatment of the crude product before 
distillation with solid sodium hydroxide was required in order to separate water from the 
crude N ,N-dimethylhydrazone. Distillation afforded pure acetone N ,N-dimethyl-
hydrazone (63) in 52% yield. Comparison of the 1H-n.m.r. spectrum of this compound 
with that of the starting acetone indicated the presence of the N,N-dimethyl group 
resonances at 8 2.40. The proton resonances of the other two methyl groups in 
compound (63) appeared at 8 1.94 and 1.90, reflecting different stereochemistry of the 
C-methyl groups relative to the N ,N-dimethyl group. 
Acetone N ,N-dimethylhydrazone (63) was metalated under argon with lithium 
diisopropylamide in tetrahydrofuran. In this case, anion formation was indicated by the 
appearance of turbidity in the reaction mixture. Then, the enolate (64) was treated with 
cyclohex-2-enone and with cyclopent-2-enone in separate experiments. 
In contrast to Corey's report,6 the reaction of the a-lithiated hydrazone (64) with 
cyclohex-2-enone afforded a high yield of a crude mixture, the 1H-n.m.r. spectrum and 
g.c. data of which indicated mainly the 1,4-adduct (65) and the 1,2-adduct (40) in a ratio 
of 1.5:1. It is notable that the 1,2-adduct (40) would, from our experience with the 1,4-
and 1,2-adducts in the addition reactions which we studied, be separated from the 1,4-
adduct (65) upon gas chromatography and would appear at shorter retention time than 
the 1,4-adduct (65). However, attempted separation of the crude mixture of N ,N-
dimethylhydrazone adducts by column chromatography was unsuccessful. 
0 
X 
(65) X = N-NMe2 
(66) X = 0 
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X 
(40) X = N-NMe2 
(67) X = 0 
Treatment of the crude mixture with acetic acid in aqueous acetone (see Section 
3.5.2) gave a mixture of the diketone (66) and the hydroxy-olefin (67) in 100% 
recovery. Analysed by 1H-n.m.r. spectroscopy and g.c., the ratio of the 1,4-adduct 
(66) to the 1,2-adduct (67) was 1.3: 1, in agreement with that for the parent hydrazones. 
Chromatography of the hydrolysed mixture gave pure 1,4-adduct (66) and 1,2-adduct 
(67) in low yields, probably due to decomposition on the column. The 1H-n.m.r. 
spectrum of the 1,2-adduct (67) was distinguished by the resonances of the two olefinic 
protons which appeared at 8 5.80 and 5.68. The proton resonances of the methyl group 
in the diketone (66) and the hydroxy-olefin (67) appeared at 8 2.14 and 2.19, 
respectively. Mass spectra of the two compounds (66) and (67) showed the same 
molecular ions at m/z 154. 
Moreover, the treatment of the enolate (64) with cyclopent-2-enone gave a crude 
mixture of the 1,4- and the 1,2- N,N-dimethylhydrazone adducts (68) and (69) in high 
yield. 1H-n.m.r. analysis of the mixture indicated the more significant 1,4-adduct (68) 
as the major product and the less synthetically useful 1,2-adduct (69) as the minor 
product, the ratio of the 1,4-adduct (68) to the 1,2-adduct (69) being about 4.5: 1, as 
determined by comparing the integrals of the N ,N-dimethyl protons at 8 2.38 and 2.48, 
respectively. Because of the instability of the 1,2-adduct (69) on a g.c. column, the ratio 
of the 1,4-adduct (68) to the 1,2-adduct (69) was not analysed by this technique. 
0 
(68) X = N-NMe2 
(70) X = 0 
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X 
(69) X = N-NMe2 
(71) X = 0 
Attempted purification of the crude mixture of N ,N-dimethylhydrazones (68) and (69) 
on a silica-gel column gave pure 1,4-adduct (68) and 1,2-adduct (69) in low yields, 
together with a small amount of the diketone (70) arising from partial hydrolysis of the 
N,N-dimethylhydrazone functionality of compound (68). No trace of the hydroxy-
olefin (71) was detected. The low recoveries of these compounds obtained, indicated 
that extensive decomposition took place in the column since the weight and 1H-n.m.r. 
spectrum of the crude reaction mixture showed that the N,N-dimethylhydrazone adducts 
(68) and (69) could be obtained quantitatively from this addition reaction. Further 
efforts to purify the crude product by distillation also resulted in extensive 
decomposition. 
Compounds (68) and (69) were clearly isomeric from their mass spectra which 
showed molecular ions at m/z 182. The 1,2-adduct (69) was readily distinguished by 
the two-proton olefinic signal at 8 5.85 in its 1H-n.m.r. spectrum. The N ,N-dimethyl 
resonances in the 1,4-adduct (68) and 1,2-adduct (69) appeared at 8 2.38 and 2.48, 
respectively, and could be used to analyse mixtures of the two compounds from the 
addition reactions. The proton resonances of the C-methyl groups appeared at 8 1.96 for 
the 1 ,4-adduct (68) and 1.99 for the 1,2-adduct (69), while that of the diketone (70) 
appeared at 8 2.17. The mass spectrum of the diketone (70) showed a molecular ion at 
m/z 140. 
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Hydrolysis of the crude mixture of N N-dimethylhydrazones (68) and (69) by 
acetic acid in aqueous acetone afforded a mixture of the di.ketone (70) and the hydroxy-
olefin (71) in 85% recovery. 1H-n.m.r. analysis of the crude mixture of (70) and (71) 
indicated that the ratio of the di.ketone (70) to the hydroxy-olefin (71) was 5: 1, in 
agreement with that for the parent hydrazones. However, when the crude mixture was 
chromatographed, the di.ketone (70) was obtained in low yield and no trace of the 
hydroxy-olefin (71) was detectable, again, probably due to decomposition on the 
column. 
Attempted addition reactions of a-lithiated acetone NN-dimethylhydrazone (64) 
with cyclopent-2-enone in the presence of either hexamethylphosphoric triamide (illv1PA) 
or trimethylsilyl chloride gave the similar results to the previous reaction, as analysed by 
1H-n.m.r. spectroscopy. However, in the combined presence of both hexamethyl-
phosphoric triamide and trimethylsilyl chloride, the addition reaction of a-lithiated N ,N-
climethylhydrazone (64) with cyclopent-2-enone afforded mainly the 1,4-adduct as its 
enol silyl ether (72). 
0 OSiM~ 
+ 
HMPA, TMSCI 
( 64) (72) 
The presence of the trimethylsilyloxycyclopent-1-ene derivative (72) was indicated by 
resonances due to the olefinic proton at 8 4.55 and the trimethylsilyl protons between 8 
0.20-0.18 in the 1 H-n.m.r. spectrum of the crude product. In addition, comparison of 
the 1H-n.m.r. spectrum of the crude product with that of the hydroxy-olefin N ,N-
climethylhydrazone 1,2-adduct obtained earlier, indicated the absence of any 1,2-adduct 
which would be expected to show the two-proton olefinic signal at 8 5.85. 
Chromatography of the crude product gave the di.ketone (70) in 43% yield but no trace of 
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the trimethylsilyl derivative (72) was obtained, due to desilylation and hydrazone 
hydrolysis on the silica-gel column. 
Surprisingly, addition of enolate (64) to cyclopent-2-enone in the presence of 
copper (D iodide and tri-n-butylphosphine, gave mainly the 1,2-adduct (69), as analysed 
by 1 H-n.m.r. spectroscopy. However, after acid hydrolysis, separation of the 1,2-
adduct (71) from phosphine species was unsuccessful. A similar result was obtained 
from addition of enolate (64) to cyclohex-2-enone in the presence of copper (I) iodide 
and tri-n-butylphosphine (this reaction was studied by another worker in Rickards' 
group). 
A. Migration of the Hydrazine Moiety in 1,4-Adducts 
0 
.rNMei 
N 
I 
(65) n = 2 
(68) n = 1 
(73) n = 2 
(74) n = 1 
Interestingly, we observed that the hydrazine moiety of the 1,4-adducts of a-
lithiated acetone N ,N-dimethylhydrazone (64) with cyclohex-2-enone and cyclopent-2-
enone migrated partially to the ring ketone upon standing at room temperature, to give a 
mixture of the initial adduct (65) or (68) and the isomeric compound (73) or (74) in 
each case. These isomers did not separate upon gas chromatography, but were initially 
detected by the increased multiplicity of N ,N-dimethyl signals in the 1H-n.m.r. spectrum 
of samples which had been stored longer than 1 hr. For instance, for the cyclopentanone 
case (68), the N,N-dimethyl signal appeared at 8 2.38, whereas that of the rearranged 
product (74) appeared at 8 2.45. In addition, the C-methyl signal appeared at 8 1.96 for 
compound (68) and 1.98 for the rearranged product (74). 
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The migration of the N ,N-dimethylhydrazine moiety in the 1,4-adducts was also 
detected by mass spectrometry. Mass spectra of the freshly prepared 1,4-adducts (65) 
and (68) showed the expected major ions at m/z 196 (M+) and 100, and at 182 (M+) and 
100, respectively, the fragment ion at m/z 100 arising by side-chain cleavage through 
McLafferty rearrangement as shown in Eh:, 3.2. 
0 
.rNMei 
N I McLarrerty rearrangement 
(65) n = 2 
(68) n = 1 
0 
mlz 100 
Fi2, 3,2 McLafferty rearrangement of freshly prepared 1,4-adducts. 
In the case of older samples containing the rearranged products (73) and (74), mass 
spectra showed new fragment ions at m/z 138 and 124, respectively, and their intensities 
increased when these samples were stored for a longer time. High-resolution mass 
spectrometry confirmed the composition of fragment-124 as C7H 12N2 which was the 
result of McLafferty rearrangement, after migration of hydrazine moiety, as shown in 
Fie, 3,3. In analogy, fragment-138 would be obtained by McLafferty rearrangement of 
compound (73). It is notable that after fragmentation the positive charge is retained in all 
cases by the nitrogenous fragment. 
(73) n = 2 
(74) n = 1 
McLafferty rearrangement 
n = 2, m /z 138 
n = 1, m /z 124 
Eh:, 3,3 Formation of fragments-124 and 138 in mass spectra. 
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The migration of the N ,N-dimethylhydrazine moiety in 1,4-adducts (65) and 
(68) could be explained by an intramolecular process, as depicted in Fii:, 3.4. 
(65) n = 2 
(68) n = 1 
(73) 
(74) 
n = 2 
n = 1 
HO 
Eh::, 3.4 Migration process of N ,N-dimethylhydrazine moiety in 1,4-adducts. 
Such migration could contribute to the low yields obtained in attempts to purify 
the initial N ,N-dimethylhydrazone adducts. To avoid the complication introduced by 
such migration, the hydrazones were not purified and stored as such, but were 
hydrolysed directly to the diketones. 
3.3.2 Tandem Addition-Alkylation 
Since the reaction of a-lithiated acetone N ,N-dimethylhydrazone (64) with 
cyclopent-2-enone favoured the desired 1 ,4-addition, our attention turned to the reactivity 
towards an electrophile of the enolate resulting from such 1,4-addition. 
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In a preliminary examination of the possibility of achieving a tandem addition-
alkylation, the enolate anion (75) derived from treatment of cyclopent-2-enone with a-
lithiated acetone N ,N-dimethylhydrazone (64) was alkylated in situ with ethyl 2-
bromoethanoate (Fi1:, 3,5). 
0 
( 64) 
0 
s 
(75) 
rNMei 
N 
I + 
BrCHiCOOEt 
(76) 
(77) 
Fh:, 3,5 Tandem addition-alkylation. 
Mild acidic hydrolysis of the resulting crude hydrazone gave after 
chromatographic purification the dialkyl substituted cyclopentanone (77) in 12% yield. 
Note that the %yield of the dialkyl substituted product (77) was calculated assuming 
100% yield of the enolate (75), although the 1,2-adduct would also have been presented 
to the extent of some 20% at the alkylation stage. It was likely that the equilibrating 
proton transfer from C-5 of the dialkylated cyclopentanone (76) to the enolate (75) 
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interfered with the alkylation by causing protonation of the enolate. In addition, g.c. 
analysis of this crude reaction mixture either as the N ,N-dimethylhydrazone prcxiucts, or 
after hydrolysis to the corresponding carbonyl compounds, indicated the presence of 
compounds at higher retention times than product (76) or (77). The mass spectrum of 
the reaction mixture also showed ions at higher mass than that of the expected product 
(76) or (77), e.g., at m/z 354. These compounds are probably polyalkylated products 
such as compound (78), which has the molecular ion at m/z 354, resulting from further 
alkylation of the anion arising from the above proton transfer. 
EtOOC 
(78) 
In this tandem addition-alkylation process, alkylation of the enolate intermediate 
(7 5) would be expected to generate the trans relationship of the two side chains in 
product (76) since this is the thermodynamically more stable configuration.9 The 
expected relative stereochemistry of products (76) and (77) are thus as shown below. 
0 
,,,, 
··'' 'COOEt 
X 
(76) X = N-NMe1 
(77) X = 0 
Haynes and co-workers10 reported the highly successful use of triphenyltin 
chloride in the presence of hexamethylphosphoric triamide to improve the outcome of the 
alkylation reactions of enolates produced by the conjugate addition of lithiated carbanions 
(e.g., of an octenyl sulfide) to a,/3-unsaturated carbonyl compounds (e.g., a 4-
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oxygenated cyclopent-2-enone). It seems that this successful outcome is due to the 
suppression of the equilibration reactions of enolates. 
We therefore examined the effect of triphenyltin chloride-hexamethylphosphoric 
triamide on the tandem addition-alkylation of enolates derived from 1 ,4-addition of a-
lithiated acetone N ,N-dimethylhydrazone (64) to cyclopent-2-enone (as shown in & 
U). Analysed by g.c./m.s., the process resulted in the clean formation of the tandem 
dialkylated product (76). The formation of the polyalkylated products was entirely 
suppressed. However, the separation of the hydrazone product from a tin-containing by-
product could not be achieved, a common problem with reactions containing tin species. 
We were not unduly concerned with this problem, since this particular reaction was only 
a model to establish the efficacy of the chemistry. Less polar, higher molecular weight 
products related to misoprostol might will separate more readily from the tin species. 
The use of triphenyltin chloride in the absence of hexamethylphosphoric triamide 
or of triphenyltin chloride with N ,N-dimethyl-N ,N-propylene urea (DMPU) in attempts 
to avoid the toxic co-solvent, or of tri-n-butyltin chloride with hexamethylphosphoric 
triamide which would yield different tin by-products, gave inferior results. 
3.3.3 Addition of a-Lithiated Acetone N,N-Dimethylhydrazone (64) to 
4-t-Butoxycyclopent-2-enone (79) 
Having established that a-lithiated hydrazones add preferentially 1,4 to cyclopent-
2-enone itself, and that the resulting enolate is reactive and can be efficiently alkylated, 
we turned our attention to the reaction of protected 4-hydroxycyclopent-2-enone with 
such hydrazones. 
As illustrated in Fi1:, 3.1, (R)-4-hydroxycyclopent-2-enone is a key chiral 
building block in our three-component coupling approach to misoprostol synthesis. It is 
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clear that if an enantiomerically pure enone is used, conjugate addition of the potential w 
side-chain, followed by reaction of the resulting enolate with suitable electrophiles to 
introduce the eventual a side-chain, will lead to a prostanoid in which the three 
substituents on the cyclopentanone ring have the same absolute configuration as in the 
active isomer of misoprostol. However, we used racemic 4-oxygenated cyclopent-2-
enones for our studies because, firstly, the racemic enones were relatively simple to 
obtain and, secondly, our initial aim was to examine the possibility of achieving the 
conjugate addition of an a-lithiated N,N-dimethylhydrazone having w side-chain 
functionality to the cyclopent-2-enone nucleus. 
4-t-Butoxy- (79) and 4-(t-butyldimethylsilyloxy)cyclopent-2-enones (80) were 
chosen as suitable intermediates for misoprostol synthesis, representing protected 4-
hydroxycyclopent-2-enone nuclei. 
OR 
(79) R = t- Bu 
(80) R = TBDMS 
A solution of a-lithiated N ,N-dimethylhydrazone (64) in tetrahydrofuran was 
treated with 4-t-butoxycyclopent-2-enone under argon at -65 °C. After 1 hr, the reaction 
was quenched with ammonium chloride solution and the crude mixture of N ,N-
dimethylhydrazones (81) and (82) was hydrolysed to the corresponding carbonyl 
derivatives (83) and (84). Analysed by g.c. and 1 H-n.m.r. spectroscopy, the reaction 
was not complete; the resonances due to the olefinic protons of 4-t-butoxycyclopent-2-
enone still appeared at 8 7 .45 and 6.20. Although both the 1,4-adduct (83) and the 1,2-
adduct (84) were obtained, the more significant 1,4-adduct (83) was the major 
component, as determined by comparing the integrals of the two C-4 protons at 8 3.86 
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(1,4-adduct) and 4.50 (1,2-adduct) in the 1H-n.m.r. spectrum of the crude mixture. This 
result was confirmed by g.c. data on the hydrolysate which indicated the approximate 
ratio of the 1 ,4-adduct (81 or 83) to the 1,2-adduct (82 or 84) to be 3: 1. 
0 
O-t-Bu 
(81) X = N-NMe2 
(83) X = 0 
X 
O-t-Bu 
(82) X = N-NMe2 
(84) X = 0 
This addition reaction of a-lithiated acetone N,N-dimethylhydrazone (64) with 4-
t-butoxycyclopent-2-enone was attempted under various conditions. Comparison of the 
1H-n.m.r. spectra of the crude mixtures obtained from each experiment (see Table 3.1) 
showed that the amount of the unreacted 4-t-butoxycyclopent-2-enone decreased 
(experiments 2 and 3) and finally disappeared (experiment 4) when the addition reaction 
was allowed to proceed longer. In addition, we observed that the longer the reaction was 
allowed to proceed, or the higher the temperature, the more 1,2-adduct { (82) or (84), if 
hydrolysed} was obtained. In the other words, it appears that the 1 ,4-adduct was the 
kinetic product while the 1,2-adduct was the thermodynamic product. The results are 
summarized in Table 3.1; 
1. 
2. 
3. 
4. 
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Table 3.1 
The Ratios of the 1 ,4-Adduct (83) to the 1,2-Adduct (84) 
Reaction Conditions %Recovery* Ratio of 1,4-: 1,2-Adducts 
-65 °C, 1 hr 90 3:1 
-65 °C, 3 hr 85 2.4:1 
0 °C, 3 hr 87 2:1 
-65 °C (7 hr), 0 °C (14 hr) 87 1 :2 
* Mass recovered expressed as a percentage of the theoretical yield of a mixture of 
the 1,4-adduct (83) and the 1,2-adduct (84) obtained over the combined addition 
and hydrolysis steps. 
If true, this is a somewhat unexpected result, since in many cases where 1,2-
addition competes with 1,4-, the 1,4-adduct is the thermodynamic product and is 
progressively derived from the 1,2-adduct. 11 In comparison, our thermodynamically 
preferred 1,2-adduct (82) should be derived from the 1,4-adduct (81) as shown below. 
O-t-Bu 
_,.,.NMei 
N 
I 
O-t-Bu 
j 
O-t-Bu 
,,.. 
Ii 
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A possible driving force for this conversion might be the additional complexation of the 
hydrazone nitrogen to the lithium nucleus, as shown. However, no further investigation 
was done into these aspects. 
Attempted chromatographic separation of the crude mixture obtained after 
hydrolysis from the addition reaction of the a-lithiated hydrazone (64) to 4-t-
butoxycyclopent-2-enone at -65 °C for 3 hr, afforded the diketone (83) and the hydroxy-
olefin (84) in 12% and 8% yield, respectively. Similarly to the 1,4- and 1,2-adducts 
mentioned earlier, low yields of the di.ketone (83) and the hydroxy-olefin (84) were 
obtained in contrast to the yields expected from the 1 H-n.m.r. spectrum of the crude 
adduct mixture, due to the instability of the adducts. The structures of the diketone (83) 
and the hydroxy-olefin (84) were confirmed by their 1H-n.m.r. and mass spectral data. 
In case of the diketone (83), the 1H-n.m.r. spectrum showed resonances at 8 3.86, 
2.18, 1.80 and 1.20 due to H-4, COCH3, H-3 and t-butyl protons, respectively. Its 
mass spectrum did not show a molecular ion (m/z 212) but showed fragment ions at m/z 
155, 139, 138 and 57 corresponding to M+-CH2COCH3 and M+-C(CH3)3, M+-
OC(CH3)3, M+-HOC(CH3)3 and the t-butyl ion, respectively. For the hydroxy-olefin 
(84), its 1H-n.m.r. spectrum showed proton resonances at 8 5.91 and 5.80 (two olefinic 
protons), 4.50 (H-4), 2.42 and 1.84 (C1½-5), 2.20 (COCH3) and 1.21 (t-butyl), and its 
mass spectrum showed a molecular ion at m/z 212 and fragment ions at m/z 154 (from 
McLafferty rearrangement), 139 [M+-OC(CH3)3], 138 [M+-HOC(CH3h] and 57 (!-
butyl). 
A. Relative Stereochemistry of the t-Butoxy and Alkyl Groups of the 
1,4-Adducts (81) and (83), and the 1,2-Adducts (82) and (84) 
With regard to stereochemistry in the 1,4-adducts (81) and (83), we could not 
directly determine the trans relationship of the t-butoxy and alkyl groups from 1H-n.m.r. 
spectra. However, literature precedent12 reported that in the synthesis of prostaglandins, 
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the organometallic conjugate addition of an OJ side-chain unit to a protected 4-
hydroxycyclopent-2-enone occurred from the direction opposite the oxygen functionality 
in order to avoid nonbonded interaction. Accordingly, the 1,4-adducts (81) and (83) 
would be expected to have the trans relationship of the t-butoxy and the introduced alkyl 
groups as depicted below. In case of the 1,2-adducts (82) and (84 ), the relative 
stereochemistry could be established from their 1 H-n.m.r. spectra. The 1,4-c is 
relationship of the ring oxygen functionalities was defined by the chemical shift 
difference of the two C-5 methylene protons. 13 This implied that the 1,2-adducts (82) 
and (84) would have also the trans relationship of the t-butoxy and the introduced alkyl 
groups as shown below. 
0 
0-t-Bu 
(81a) X = N-NM8l 
(83a) X = 0 
' .... 
~ 0-t-Bu 
(82a) X = N-NMei 
(84a) X = 0 
3.4 Preparation and Addition of Octan-2-one N ,N-Dimethylhydrazone 
(85) and its Silyl-substituted Derivatives (95) and (96) to 
4-0xygenated Cyclopent-2-enones (79) and (80) 
From our previous work, it was clear that without prior conversion of a-lithiated 
acetone N ,N-dimethylhydrazone (64) into a cuprate derivative, the 1,4-adducts could 
preferentially be obtained from its addition reactions with cyclopent-2-enone rings. 
Moreover, an efficient tandem addition-alkylation of cyclopent-2-enone with the a-
lithiated N ,N-dimethylhydrazone (64) and an appropriate electrophile such as ethyl 2-
bromoethanoate was possible. Therefore, our attention turned to the reactions of octan-
2-one N ,N-dimethylhydrazone (85), a closer model for misoprostol (23) synthesis since 
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it contains a straight 8C-chain, and lacks only the tertiary hydroxyl and methyl groups of 
the misoprostol m--chain. 
3.4.1 Octan-2-one N ,N-Dimethylhydrazone (85) 
LDA,THF 
( 8S) ( 86) 
To obtain octan-2-one N ,N-dimethylhydrazone (85), octan-2-one was reacted 
with N ,N-dimethylhydrazine in a similar procedure as mentioned in Section 3.3.1. The 
octan-2-one N ,N-dimethylhydrazone (85) was produced in 75% yield. Support for 
structure (85) was obtained from the mass spectrum which showed a molecular ion at 
m/z 170, and fragment ions at m/z 155, 100 and 44 corresponding to M+-CH3, M+ -
C5H 10 (McLafferty rearrangement), and Me2N+ (characteristic of N ,N-dimethyl-
hydrazone derivatives). 14 In addition, 1H-n.m.r. analysis indicated that octan-2-one 
N ,N-dimethylhydrazone (85) was obtained as a mixture of two isomers in a ratio of 
4.5: 1 (E:Z), 15 due to isomerisation about the C=N bond as illustrated below. The ratio 
of the £-isomer to the Z-isomer was determined by comparing the integrals of the N JI-
dimethyl protons at 8 2.43 and 2.40, respectively, in the 1H-n.m.r. spectrum of the 
mixture. Proton resonances of the C-1 methyl groups appeared at 8 1.94 for the £-
isomer and 1.91 for the Z-isomer. 
(E)-lsomer 
,NMei 
N 
~ 
(Z)-lsomer 
Ionisation of octan-2-one N ,N-dimethylhydrazone (85) would be expected to 
occur exclusively at the less substituted a carbon (C-1), 16 giving only the a-lithiated 
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hydrazone (86). The regiospecificity of ionisation at C-1 of the octan-2-one N ,N-
dimethylhydrazone (85) was subsequently confirmed by its silylation with either 
trimethylsilyl- or t-butyldimethylsilyl chloride (Section 3.4.2). The addition reaction of 
a-lithiated octan-2-one N ,N-dimethylhydrazone (86), obtained by treatment with lithium 
diisopropylamide, to 4-t-butoxycyclopent-2-enone gave after hydrolysis the 1,4-adduct 
(89) as the major prcxluct and 1,2-adduct (90) as the minor prcxluct, as determined by 
comparing the integrals of the two C-4 protons at 8 3.85 and 4.50, respectively, in the 
1H-n.m.r. spectrum of the crude hydrolysis mixture. Analysed by 1H-n.m.r. 
spectroscopy, the ratio of the 1,4-adduct (89) to the 1,2-adduct (90) was about 2: 1. 
Notably, the 1,2-adduct (90) partially decomposed on a g.c. column, obviating analysis 
by this technique. The crude mixture of the 1,4- and 1,2-adducts (89) and (90) was 
obtained in 90% total yield over the addition and hydrolysis steps. 
0 
... 
... 
0-t-Bu 
(87) X = N-NMe2 
(89) X = O 
' 
' 
" 
~ O-t-Bu 
(88) X = N-NMe2 
(90) X = 0 
However, chromatography of the crude mixture afforded the pure diketone (89) and pure 
hydroxy-olefin (90) in low yields, again, reflecting instability in these structures. The 
1H-n.m.r. spectrum of the hydroxy-olefin (90) showed a doublet at 8 5.88 and a doublet 
of doublets at 8 5.77 due to H-2 and H-3, respectively. The H-4 resonances in pure 
diketone (89) and pure hydroxy-olefin (90) appeared at the chemical shifts mentioned 
above. The mass spectrum of the diketone (89) did not show a molecular ion (m/z 282) 
but showed ions at m/z 225, 209, 208 and 57 which corresponded to M+-C(CH3)3, M+-
OC(CH3)3, M+-HOC(CH3)3 and at-butyl fragment, respectively. In contrast, the mass 
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spectrum of the hydroxy-olefin (90) was complicated and appeared to reflect thermal 
decomposition. 
Similarly to the 1,4- and 1,2-adducts derived from acetone N ,N-dimeth y 1-
hydrazone described in Section 3.3.3 (part A), the 1,4-adduct (87) and the 1,2-adduct 
(88), and their respective hydrolysis products (89) and (90), would be expected to have 
the trans relationship of the t-butoxy and alkyl groups. 
Again we observed that the ratios of the 1,4-adduct (89) and the 1,2-adduct (90) 
changed with the reaction conditions. For instance, when the addition step was allowed 
to proceed either for a longer period, or at a higher temperature, the 1,2-adduct (90) 
became the main product and could be obtained in high yield (see Table 3.2). The 
possible explanation for this behaviour is the same as that offered in the acetone N ,N-
dimethylhydrazone case (Section 3.3.3). It is to be noted that a small amount of the 
unreacted 4-t-butoxycyclopent-2-enone was detected in experiments 1 and 2, as analysed 
by 1H-n.m.r. spectroscopy. However, when the addition reaction was allowed to 
proceed longer (experiment 3), no trace of the unreacted 4-t-butoxycyclopent-2-enone 
was detectable. 
Table 3.2 
The Ratios of 1,4-Adduct (89) to 1 ,2-Adduct (90) 
Reaction Condition %Recovery* Ratio of 1,4-:1,2-Adducts 
1. -65 °C, 5 hr 90 2: 1 
2. 0 °C, 5 hr 90 1:1 
3. -65 °C to O °C, 19 hr 82 only the 1,2-adduct (90) 
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* Mass recovered expressed as a percentage of the theoretical yield of a mixture of 
the 1,4- and 1,2-adducts (89) and (90) obtained over the combined addition and 
hydrolysis steps. 
Treatment of a-lithiated octan-2-one N ,N-dimethylhydrazone (86) with 4-(t-
butyldimethylsilyloxy)cyclopent-2-enone at -65 °C for 21 hr gave a crude mixture of the 
N ,N-dimethylhydrazone adducts (91) and (92) in high yield. Since the 1,2-adduct (92) 
decomposed on gas chromatography, the 1: 1 ratio of the 1,4-adduct (91) to the 1,2-
adduct (92) was only obtained from the 1 H-n.m.r. spectrum of the crude N ,N-
dimethylhydrazone mixture, by comparing the integrals of the two C-4 protons at 8 4.10 
and 4.70, respectively. Oxidative hydrolysis (see Section 3.5.1) of the crude reaction 
mixture gave the diketone (93) and hydroxy-olefin (94) in 97% total yield over the 
addition and hydrolysis steps. Analysed by 1H-n.m.r. spectroscopy, the ratio of the 
diketone (93) to hydroxy-olefin (94) was about 1: 1, in agreement with that for the parent 
hydrazones. Similarly to the parent hydrazone (92 ), the 1,2-adduct (94) partially 
decomposed on gas chromatography. Chromatographic separation of the crude 
hydrolysed mixture gave the 1,4-adduct (93) in 12% yield and the 1,2-adduct (94) in 
15% yield. In contrast, the 1 H-n.m.r. spectrum of the crude hydrolysis mixture 
indicated that the 1,4-adduct (93) and the 1,2-adduct (94) could be obtained 
quantitatively from this addition reaction. Thus, the low recovery of these compounds 
obtained from the chromatographic separation was probably due to decomposition on a 
silica-gel column. 
0 
OTBDMS 
(91) X = N-NMe2 
(93) X = 0 
H011 , 
.. 
~ 
OTBDMS 
(92) X = N-NMe2 
(94) X = 0 
I , 
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1H-n.m.r. spectra of the 1,4-adduct (93) and 1,2-adduct (94) were similar to those of 
the t-butoxy derivatives (89) and (90), apart from replacement of the proton resonances 
of the t-butyl group at 8 1.20 in (89) and (90) by those of the t-butyldimethylsilyl group 
at 8 0.88 [SiC(CH3)3] and 0.07 [Si(CH3)2] in (93) and (94). The mass spectrum of the 
1,4-adduct (93) did not show a molecular ion (m/z 340) but showed a characteristic ion 
at m/z 283 corresponding to loss of a t-butyl fragment from the molecular ion. In the 
case of the 1,2-adduct (94), its mass spectrum was complicated and, again, appeared to 
reflect thermal decomposition. However, high resolution mass spectroscopy of this 
material indicated the formula C15H270 3Si for the M+-C(CH3)3 ion, as required. 
Similarly to the t-butoxycyclopentanone case, when the reaction was allowed to 
proceed at higher temperature (-65 °C to 0 °C for 21 hr), only the 1,2-adduct (92) and its 
subsequent hydrolysis product (94) were obtained as analysed by 1H-n.m.r. 
spectroscopy. As before, the 1,4- and 1,2-adducts would each be expected to have a 
trans relationship of the silyloxy and alkyl groups. 
3.4.2 1-Trimethylsilyl- (95) and 1-(t-Butyldimethylsilyl)octan-2-one 
N,N-Dimethylhydrazones (96) 
Collins and co-workers2a reported that the trans double bond at the C-13, 14 
positions of misoprostol is also important for its gastric antisecretory potency. Either the 
reduction of the double bond to the saturated analogue or the replacement of the trans-
13, 14 double bond with a cis-13, 14 double bond significantly reduced the biological 
activity of misoprostol. 
As described in Section 3.2, in our proposed synthesis of misoprostol the 13,14-
olefinic bond would be introduced into the molecule via interaction of functionality 
derived from the hydrazone with the C-13 Z group. The Z group must direct 
regiospecific olefin formation to the 13, 14-position, must be introducible into the parent 
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hydrazone moiety, and must be compatible with the hydrazone anion chemistry 
proposed. A possible Z group which would fulfill these conditions is the trialkylsilyl 
group. A possible olefination process would then involve conversion of the hydrazone 
into the corresponding ketone, followed by reduction to the secondary alcohol (~ 
J.a.6,). A Peterson acid-olefination5 would then convert the hydroxysilane into the 
required 13, 14-trans olefin. 
z 
Hydrolysis 
z 
z 
Nu· J 
113 
l Reduction 
l Peterson Olefinatlon 
Fh:, 3.6 Introduction or the 13,14-olefinic bond by 
interaction or C-13 and C-14 substituents. 
In order initially to examine the 1,4-addition of the anions of silylated 
hydrazones, trialkylsilyl groups were intrcxluced to the less alkylated a-carbon of octan-
2-one N ,N-dimethylhydrazone (85), by treatment of its a-lithiated derivative (86) with 
an excess of trimethylsilyl or t-butyldimethylsilyl chloride. 17 Distillation afforded 1-
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trimethylsilyl- (95) and 1-(t-butyldimethylsilyl)octan-2-one N,N-dimethylhydrazone 
(96) in 80% and 82% yield, respectively. 
R 
(95) R = SIMe., 
(96) R = TBDMS 
The trialkylsilyl compounds (95) and (96) were characterised by their mass 
spectral and 1H-n.m.r. properties. The mass spectrum of compound (95) showed a 
molecular ion at m/z 242, and fragment ions at m/z 227, 172, 73 and 44 which 
corresponded to M+-CH3, M+-C5H10 (McLafferty rearrangement), Me3Si+ and Me2N+, 
respectively. The mass spectrum of compound (96) showed a molecular ion at m/z 284, 
and fragment ions at m/z 227 {M+-C(CH3)3 }, 73 (from the t-butyldimethylsilyl group) , 
and 44 (Me2N+). The loss of t-butyl from the molecular ion is characteristic of 
compounds carrying a t-butyldimethylsilyl group. 18 The 1H-n.m.r. spectra also 
indicated the presence of a trimethylsilyl group (at 8 0.08) for compound (95), and the 
presence of t-butyldimethylsilyl group { at 8 0.89 for SiC(CH3)3 and 0.01 for Si(CH3)2 } 
for compound (96). 
Comparison of the 1H-n.m.r. spectra of the trialkylsilylated N ,N-dimethyl-
hydrazones (95) and (96) with that of the starting octan-2-one N ,N-dimethylhydrazone 
(85) indicated the absence of C-1 methyl protons and the presence of C-3 methylene 
protons. These proton resonances appeared at 8 1. 94 and 2.19 in the 1 H-n. m. r. 
spectrum of the starting hydrazone (85). 1H-n.m.r. spectra of the trialkylsilylated N ,N-
dimethylhydrazones (95) and (96) showed the singlet resonances of the C-1 methylene 
protons at 82.00 and 1.97, respectively, and the triplet resonances of the C-3 methylene 
protons at 8 2.10 and 2.09, respectively. This evidence indicated that silylation occurred 
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exclusively at C-1 and not at C-3 of the starting octan-2-one N N-dimethylhydrazone 
(85). 
With regard to isomerisation of the trimethylsilylated N N-dimethylhydrazone 
(95), the 1H-n.m.r. spectrum of the crude material and that of the purified product were 
identical, showing only one N N-dimethyl resonance singlet at 8 2.34. This indicated 
that the trimethylsilylated N N-dimethylhydrazone (95) existed as one isomer. But in the 
case of the t-butyldimethylsilylated N,N-dimethylhydrazone (96), the 1H-n.m.r. 
spectrum of the crude material showed the N N-dimethyl resonance at 8 2.34 while that 
of the purified product showed two NN-dimethyl resonance singlets at 82.37 and 2.34. 
This indicated that the t-butyldimethylsilylated N N-dimethylhydrazone (96) was 
obtained after purification as a mixture of two isomers due to isomerisation about the 
C=N bond in a ratio of about 5: 1. 
A. The Stability of 1-Trialkylsilyloctan-2-one N ,N -
Dimethylhydrazones (95) and (96) 
During our studies on the trimethylsilylated N N-dimethylhydrazone (95), we 
observed that the ratio of starting N N-dimethylhydrazone (85) to trimethylsilyl product 
(95) in mass spectra and in 1H-n.m.r. spectra increased with time, indicating that the 1-
trimethylsilyloctan-2-one N N-dimethylhydrazone (95) is not so stable. It was clear that 
this trimethylsilyl compound decomposed to the starting hydrazone (85) on storage, and 
especially in solvents such as acetone or chloroform. The process is probably catalysed 
by traces of acid, and as illustrated in Eh:, 3,7 the initial desilylation product is 
probably the corresponding enamine which tautomerises to the parent hydrazone. 
Notably, this process took place much faster in the crude product which, of course, has 
more moisture and acid as catalysts, than in purified material. 
HX 
\ 
. 
. 
. 
. 
SiM~ 
x· _) (95) 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
97 
. 
. 
. 
. 
. 
+ 
HX + HOS1Me3 
J ( 85) 
Fi2, 3,7 The decomposition process of 1-trimethylsilyloctan-2-one 
N ,N -di m et h y I h yd r a zone . 
G.c. analysis of this trimethylsilyl compound (95) using a 3% OV-17 packed 
column showed that a very fast desilylation process took place in this packed column, 
giving two components. According to their retention times, the major component was, 
as expected, the parent N ,N-dimethylhydrazone (85) and the minor component was the 
trimethylsilylated N ,N-dimethylhydrazone (95). In contrast, the 1 H-n.m.r. spectrum of 
the same sample still indicated mainly the trimethylsilyl compound (95), as determined 
by comparing the integrals of the N,N-dimethyl resonances of compounds (85) and (95) 
which appeared at 8 2.43 and 2.34, respectively. 
However, this instability problem could be overcome by using the more sterically 
hindered 1-(t-butyldimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96), which is 
stable to handling, storage and gas chromatography. 
B. Methylation of Octan-2-one N,N-Dimethylhydrazone (85) and 
its Trialkylsilyl Derivatives (95) and (96) 
Although the octan-2-one N,N-dimethylhydrazone (85) itself ionised exclusively 
and efficiently at C-1 as established by the silylation studies described in Section 3.4.2, 
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we needed to examine the regiospecificities of ionisation in the cases of the 
trialkylsilylated N ,N-dimethylhydrazones (95) and (96). For our synthetic purposes we 
require highly preferential ionisation of these compounds at C-1 rather than at C-3, in 
order to avoid a mixture of Michael addition products. 
We chose to examine this regiospecificity by methylation studies, and first 
checked the procedure on octan-2-one N,N-dimethylhydrazone (85) itself. As expected, 
metalation and subsequent methylation occurred very selectively at the less alkylated a-
carbon atom (C-1) of the hydrazone to give only one methylated product (97) in 53% 
yield, together with 41 % starting material, as judged by g.c. and 1 H- n. m. r. 
spectroscopy. Notably, the regioisomers resulting from methylation at C-1 and C-3 
would, from subsequent experience with methylation of silylated hydrazones, be 
expected to separate on g.c. Comparison of the 1H-n.m.r. spectrum of the crude reaction 
mixture with that of the starting octan-2-one N ,N-dimethylhydrazone (85) indicated the 
presence of a new resonance as a triplet at 81.05. The C-8 methyl protons appeared as 
triplets at 8 0.88 in each case. Accordingly, this new proton resonance was due to 
introduction of the methyl group at C-1 and not at C-3 since in the latter case, the methyl 
proton resonance would be expected to appear as a doublet. Thus, the methylated 
product was exclusively compound (97). 
MeiN""" MeiN""" 
N N 
¼ 1. Metal all on I 2. Mel 
( 85) 
CH3 ( 97) 
In addition, g.c./m.s. analysis indicated that the methylated product (97) existed as two 
isomers due to isomerisation about the C=N bond. These two isomers gave identical 
mass spectra and their retention time values were very similar. In contrast, the 1 H-n.m.r. 
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spectrum of the crude material indicated that only one isomer was obtained so the 
isomerisation may occur on the g.c./m.s. column. 
Anions derived from 1-trimethylsilyl- (95) and 1-(t-butyldimethylsilyl)octan-2-
one N ,N-dimethylhydrazones (96), by treatment with lithium diisopropylamide in 
tetrahydrofuran, were quenched with an excess of methyl iodide and the products were 
examined directly by g.c./m.s. Two products were obtained in each case, corresponding 
to methylation at C-1 and C-3 of the 1-trialkylsilyloctan-2-one N ,N-dimethylhydrazones. 
MeiN"\., 
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The structures of the products followed from their mass spectrometric 
fragmentation patterns, which were dominated by McLafferty cleavage on the more 
substituted side of the C=N bond. For example, in the case of the trimethylsilylated 
N ,N-dimethylhydrazone (95), the C-1 methylated product (98) showed a molecular ion 
at m/z 256 and the characteristic fragment ion at m/z 184 whereas the C-3 methylated 
product (99) showed a molecular ion at m/z 256 and the characteristic fragment ion at 
m/z 186, as illustrated in Fie, 3.8. In addition, g.c./mass spectral data showed that the 
presence of two isomers for each of the methylated products (98) and (99), although 
these were probably formed on the g.c. column since they were not apparent in 1 H-
n.m.r. spectra. 
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McLafferty rearrangement 
(9 8) 
McLafferty rearrangement 
.rNMei 
HN 
m/r. 184 
(99) m Ir. 186 
Fi1:, 3,8 Formation or rragments-184 and 186. 
In the case of the t-butyldimethylsilylated N ,N-dimethylhydrazone (96), the C-1 and C-3 
methylated products (100) and (101) were characterised analogously by the mass 
spectrometric cleavage on the more substituted side of the C=N bond. Analysed by 
g.c./m.s., both methylated products (100) and (101) were observed as two isomers. 
Based upon this evidence, in the case of the 1-trimethylsilyl compound (95), C-1 
methylation was favoured, giving compound (98) as the major product (55% ), (99) as 
the minor product (24%). Methylation of the 1-t-butyldimethylsilyl compound (96) was 
favoured at the C-3 position, giving compound (101) as the major product (64%) with 
compound (100) as the minor isomer (18%). 
Although ionisation at C-1 of trimethylsilyl hydrazone (95) is favoured over that 
at C-3 in the ratio of approximately 5:2, the increased bulk of the t-butyldimethylsilyl 
group in the hydrazone (96) reverses this preference to give a C-1 to C-3 anion ratio of 
approximately 1 :3. Hence for 1,4-addition reactions involving C-1 anions, only the 
relatively unstable (see Section 3.4.2, part A) trimethylsilyl hydrazone (95) would be 
expected to be effective, and this process is examined in the next Section. The 
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preferential ionisation of the stable t-butyldimethylsilyl hydrazone (96) at the undesirable 
C-3 position was, of course, not of great concern for the proposed approach to 
misoprostol outlined in Section 3.2. The branched chain hydrazone anion species 
required for 1,4-addition in that case has additional functionality at C-4, and the 
regiospecificity of its ionisation would need to be examined separately. 
C. Addition Reactions of a-Lithiated l-Trimethylsilyloctan-2-one 
N ,N-Dimethylhydrazone (95) with 4-0xygenated Cyclopent-2-
enones (79) and (80) 
Since the ionisation of 1-trimethylsilyloctan-2-one N ,N-dimethylhydrazone (95) 
occurred preferentially at the C-1 position, the addition of this approximate 5:2 mixture of 
carbanions to cyclopent-2-enone rings was investigated. 
Addition of the a-lithiated trimethylsilylated N ,N-dimethylhydrazone (95) to 4-t-
butoxycyclopent-2-enone afforded a crude product in 95% total yield, the 1H-n.m.r. 
spectrum of which showed mainly the desired 1,4-adduct (102). The presence of the 
1,4-adduct (102) was indicated by the resonances due to H-4, N ,N-dimethyl protons 
and Si(CH3)3 which appeared at 8 4.25, 2.25 and 0.16, respectively, in the 1H-n.m.r. 
spectrum of the crude product. In addition, it indicated the absence of any 1,2-adduct, 
such as compound (103), derivable from the major anion present, which would be 
expected to show olefinic protons between 8 5.9-5.8. In view of the instability of the 
trimethylsilyl group described in Section 3.4.2 (part A), the crude N ,N-dimethyl-
hydrazone adduct (102) was subjected immediately to the conditions for hydrolysis 
without further characterisation. 
102 
0 
SiM~ 
- ~-& ' SiM~ OR 
(102) R = t-Bu (103) R = t- Bu 
(104) R = TBDMS (105) R = TBDMS 
Oxidative hydrolysis of the crude product resulted in formation of the diketone (89) with 
loss of the trimethylsilyl group, and no trace of the hydroxy-olefin (90) was indicated, as 
judged by 1H-n.m.r. spectroscopy and g.c. Both the diketone (89) and the hydroxy-
olefin (90) were, of course, known reference compounds obtained previously in Section 
3.4.1. Chromatographic purification of the crude hydrolysed products afforded the pure 
diketone (89) in 17 % yield. 
A similar result was obtained from the addition of a-lithiated 1-trimethylsilylated 
N ,N-dimethy lhydrazone (95) to 4-(t-buty ldimethy lsily loxy )cyclopen t-2-enone. 
Analysed by 1 H-n.m.r., mainly the significant 1,4-adduct (104) was obtained. 
Similarly to the t-butoxy 1,4-adduct (102), the presence of the t-butyldimethylsilyloxy 
1,4-adduct (104) was indicated by the resonances due to H-4 at 8 4.42, N ,N-dimethyl 
protons at 8 2.23, t-butyldimethylsilyl protons at 8 0.85 and 0.06, and Si(CH3)3 at 8 
0.12 in the 1H-n.m.r. spectrum of the crude material. Oxidative hydrolysis of the crude 
1,4-adduct (104) gave rise to the diketone (93) with, again, loss of the trimethylsilyl 
group as expected. Purification of the crude hydrolysed product gave the pure diketone 
(93) in 17% yield. 
1H-n.m.r. spectra of the crude adduct and the crude hydrolysis product obtained 
from both these reaction sequences indicated the absence of any adducts derived from C-
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3 anions of trimethylsilylated N ,N-dimethylhydrazone (95), such as the N,N-
dimethylhydrazone adducts (106) and (108) which could be expected to show a singlet 
resonance due to the methylene protons next to SiMe3 at 8 1.99 { as in the starting 
trimethylsilylated N,N-dimethylhydrazone (95)}, or the diketones (107) and (109) 
which would be expected to show a singlet resonance at 8 2.18 due to the methyl protons 
next to carbonyl group { as in the diketone (83) described in Section 3.3.3}. 
0 0 
N 
rNMei 
I Hydrolysis 
.. dR .. .... OR C5H11 SiM~ C5H11 
(106) R = t-Bu (107) R = t-B u 
(108) R = TBDMS (109) R = TBDMS 
As mentioned in Section 3.3.3 (part A), the 1,4-adducts (102) and (104) would 
be expected to have the trans relationship of the C-3 and C-4 substituents on the 
cyclopentanone ring. The loss of the trimethylsilyl moiety under the conditions for 
hydrolysis of these adducts was not surprising in view of the instability of the 
trimethylsilyloctan-2-one N ,N-dimethylhydrazone (95) described in Section 3.4.2 (part 
A). 
3.5 Conversion of the Mixtures of the 1,4- and 1,2- N ,N -
Dimethylhydrazone Adducts into their Carbonyl Derivatives 
As discussed in Chapter 2, Section 2.2.2, there have been to date a number of 
publications describing the development of mild techniques for the conversion of N ,N-
dimethylhydrazones back into carbonyl compounds. In this section, we will describe the 
generation of the carbonyl compounds from the mixtures of 1,4- and 1,2- N ,N-
dimethylhydrazone adducts by oxidative hydrolysis (Section 3.5.1) or acidic hydrolysis 
(Section 3.5.2). 
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3.5.1 Oxidative Hydrolysis using Aqueous Sodium Periodate 
Corey and Enders6.1 6a. 19 demonstrated that N ,N-dimethylhydrazone cleavage to 
form the corresponding ketones could be accomplished generally and in high yield by an 
oxidative hydrolysis using aqueous sodium periodate at pH 7 and 20-25 °C. Methanol, 
tetrahydrofuran or t-butyl alcohol are suitable co-solvents; faster rates are generally 
observed in the last two. 
Treatment of the 1,2- and 1,4- N ,N-dimethy lhydrazone adduct mixtures, 
resulting from the addition reactions of a-lithiated N,N-dimethylhydrazones with 
cyclopent-2-enone rings, under such conditions afforded the mixtures of diketones {from 
1,4-adducts, e.g., (89)} and hydroxy-olefins {from 1,2-adducts, e.g., (90)} in 90-95% 
recovery. However, as mentioned in Section 3.4.2 (part C), a trimethylsilyl group a to 
the hydrazone functionality could not survive under these conditions. 
Attempted chromatographic separation of these mixtures on silica-gel columns 
afforded, in each case, pure 1,4- and pure 1,2-adducts in low yields, presumably due to 
decomposition of these diketones and hydroxy-olefins under the chromatographic 
conditions. 
3.5.2 Acidic Hydrolysis using 3% Acetic Acid in 10% Aqueous 
Acetone 
As we described in Section 3.3.1 (part A), the hydrazine moiety of the 1,4-
adducts of a-lithiated acetone N ,N-dimethylhydrazone (64) with cyclopent-2-enone and 
cyclohex-2-enone migrates to the ring ketone upon standing at room temperature. We 
therefore attempted to convert the mixtures of 1,2- and 1,4- N ,N-dimethylhydrazone 
adducts into the mixtures of diketones (from 1,4-adducts) and hydroxy-olefins (from 
1,2-adducts), using 10% aqueous acetone, in the presence of acetic acid. We found that, 
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under these conditions (3% acetic acid in 10% aqueous acetone), the mixtures of N ,N-
dimethylhydrazone adducts were hydrolysed much faster than under oxidative 
hydrolysis, and also the work-up procedure was simpler. 
However, when the mixture of 1,2- and 1,4-adducts from the addition reaction of 
a-lithiated octan-2-one N,N-dimethylhydrazone (86) with 4-t-butoxycyclopent-2-enone 
was treated under such acidic conditions, giving the mixture of diketone (89) and 
hydroxy-olefin (90), this acidic hydrolysis was slower than the oxidative cleavage. In 
the other words, this acidic hydrolysis only gave better results with the adducts derived 
from acetone N ,N-dimethylhydrazone (63). 
Since we knew from Section 3.4.2 (part A) that trimethylsilyl groups a to the 
hydrazone functionality were extremely labile even on storage, although t-butyl-
dimethylsilyl groups were stable under these conditions, we also examined the stability 
of the t-butyldimethylsilyl group a to the hydrazone functionality towards the conditions 
of hydrolysis. Treatment of the mixture of the isomeric hydrazones (100) and (101) 
with acetic acid in ~queous acetone yielded ketones (110), (111) and (112), as analysed 
by g.c./m.s. 
TBDMS 
( 10 0) 
106 
+ 
TBDMS CH3 
(101) 
j AcOH Me1CO-H1O 
0 
(110) R1 = CH 3, R1 = H 
(lll) R1 = H, R 1 = CH 3 
(112) R1 = TBDMS, R 1 = CH 3 
This result clearly showed that even the more stable t-butyldimethylsilyl group a to 
hydrazone functionality could not adequately survive acidic hydrolysis of the N,N-
dimethylhydrazone moiety. Since the t-butyldimethylsilyl group was introduced to 
permit olefin formation after hydrazone cleavage, we needed to find suitable conditions 
for hydrolysis of t-butyldimethylsilyl hydrazones. The branched chain hydrazone 
species, required for the proposed approach to misoprostol outlined in Section 3.2, 
would need to be examined separately. 
3.5.3 Ratio of 1,4- and 1,2-Adducts 
The ratios of the hydrolysed products were determined by g.c. if both 1,4- and 1,2-
adducts were stable under these conditions; otherwise, they were determined by 1 H-
n.m.r. spectroscopy. The results are summarized in Table 3.3. The crude N,N-
dimethylhydrazone adduct mixtures derived from a-lithiated acetone N ,N-dimethyl-
hydrazone (64) (entries 1-5 in Table 3.3) and a-lithiated pentan-3-one N ,N-dimethyl-
hydrazone (entry 6 in Table 3.3), were hydrolysed by the acidic method (Section 
107 
3.5.2) while those derived from a-lithiated octan-2-one N ,N-dimethylhydrazone (85) 
(entries 7 and 8 in Table 3.3) and its trimethylsilylated derivative (95) (entry 9 in 
Table 3.3), were hydrolysed by the oxidative method (Section 3.5.1). 
Hydrazone 
1 . 
2 . " 
3 • 
" 
4 . 
" 
s. 
" 
6 . 
Table 3.3 
The Ratios of the 1,4 - to 1,2-Adducts 
Conju~ated Enone 
0 
0 
0 
0 
O-t-Bu 
0 
~ 
0 
%Recovery * Ratio of I ,4-: 1,2-
Adducts 
100 1.3: 1 
81 
85 
90 3:lc 
78 1:3.6 a 
86 
7 • 
8 . 
9 . 
Hydrazone 
II 
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Conjugated Enone 
0 
0 
O-t-Bu 
0 
OR 
R = t-Bu, TBDMS 
%Recovery * Ratio of 1,4-: 1,2-
Adducts 
77 
90 
95 mainly 1,4-
* Mass recovered expressed as a percentage of the theoretical yield of a mixture 
of the 1,4-adduct and the 1,2-adduct obtained over the combined addition and 
hydrolysis steps. 
a) These reactions were examined by another worker in Rickards' group. 
b) This ratio was obtained from the 1H-n.m.r. spectrum since only the 1,4-
adduct was detected by g.c. 
c) These ratios changed with the reaction time (see Sections 3.3.3 and 3.4.1). 
These investigations show that the ratio of 1,4- to 1,2-adducts is controlled by 
several interacting factors; 
1,4-Addition is favoured by 
- Increasing size of the hydrazone, and particularly increased bulk adjacent to the 
carbanionic site (cf entry 1 with 6 and 7, entry 8 with 9). 
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- Reduction in the ring size of cycloalkenones from 6- to 5- membered (cf entry 
1 with 3). 
- Addition in the presence of hexamethylphosphoric triamide and trimethylsilyl 
chloride, as observed in the case of a-lithiated acetone N ,N-dimethylhydrazone 
(64) with cyclopent-2-enone. 
1,2-Addition is favoured by 
- Substitution at the ,8-position of the enone in particular (cf. entry 1 with 2), and 
to a lesser extent by substitution at the y-position (cf. entry 3 with 4). 
- Addition at a higher temperature or over a longer time, as observed in the case 
of a-lithiated acetone N ,N-dimethylhydrazone (64) ar rl a-lithiated octan-2-one 
N ,N-dimethylhydrazone (86) with protected 4-hydroxycyclopent-2-enones 
(79) or (80). 
- Addition in the presence of copper (I) iodide and tri-n-butylphosphine, as 
observed in the case of a-lithiated acetone N,N-dimethylhydrazones (64) with 
cyclopent-2-enone and cyclohex-2-enone. The latter case was studied by 
another worker in Rickards' group. 
3.6 Conclusion and Outlook 
The present work has described the synthesis and reactions of a variety of 
substituted N ,N-dimethylhydrazones. In particular, the reaction of their a-lithio anions 
with conjugated enones has been studied and the factors which control the more 
synthetically useful 1,4-addition rather than the alternative 1,2-addition have been defined 
and were discussed in Section 3.5.3. In context of misoprostol synthesis, we have 
established that an a-lithiated hydrazone, of the type which would be required to provide 
the functionalised m side-chain, could be effectively added 1,4 to an appropriate 
protected 4-hydroxycyclopent-2-enone. 
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In addition, we have established that tandem addition-alkylation is possible. The 
use of hexamethylphosphoric triamide and triphenyltin chloride gave clean formation of 
the dialkyl substituted cyclopentanone (76). Although the separation of this product 
(76) from a tin-containing by-product could not be achieved, we would expect that the 
less polar, higher molecular weight products related to misoprostol itself might separate 
more readily from the tin-containing by-product. The dialkyl substituted product 
obtained from this process would be expected to have the trans relationship of the two 
side chains. 
With regard to stereochemical aspects of the 1,4- and 1,2-adducts obtained from 
protected 4-hydroxycyclopent-2-enones, the introduced alkyl substituents would be 
expected to have the trans relationship to the t-butoxy or t-butyldimethylsilyloxy groups. 
A problem arising from these investigations was the failure to achieve pure 1,4-
adducts, either as N ,N-dimethylhydrazones or as carbonyl derivatives, in high yields. 
The hydrazones themselves were generally obtained as mixtures of 1,4- and 1,2-adducts 
in high yields, but could not always be separated and were prone to suffer hydrazone 
migration. The derived ketone mixtures were also obtainable in good yields, and were 
more readily separable, but decomposition on chromatography resulted in low recovery. 
The marked instability of the 1-trimethylsilylated N ,N-dimethylhydrazone (95) 
was overcome by replacement of the trimethylsilyl group by a t-butyldimethylsilyl group 
in compound (96). This latter group, however, was clearly susceptible to cleavage 
during acidic hydrolysis of the N ,N-dimethylhydrazone moiety (Section 3.5.2). This 
problem needs to be overcome since the trialkylsilyl group was introduced to permit 
olefin formation after hydrazone cleavage. Possible solutions include milder acid 
hydrolysis conditions, or oxidative cleavage of the hydrazone under neutral conditions. 
This aspect will be discussed further in Chapter 4. A significant benefit of such 
1 1 1 
trialkylsilyl groups is their promotion of the desired 1 ,4-addition process relative to 1,2-
addition. 
A problem apparent from the methylation of the t-butyldimethylsilylated N ,N-
dimethylhydrazone (96) is that this large substituent now directs ionisation preferentially 
to C-3 (Section 3.4.2, part B), and as a result the wrong C-C bond would be formed 
preferentially in a 1 ,4-addition process. In the synthesis of misoprostol itself, however, 
the 1,4-addition would involve a more substituted hydrazone, probably of the type 
(113). 
TBDMS 
(113) 
In this case, increased steric hindrance at C-3 together with the adjacent negative charge 
on oxygen might be expected to direct ionisation back to C-1. In order to establish that 
such a t-butyldimethylsilyl N ,N-dimethylhydrazone would undergo 1,4- rather than 1,2-
addition, we prepared the simple 1,3-hli-(t-butyldimethylsilyl)acetone N ,N-dimethyl-
hydrazone (114). The preparation and other chemical aspects of this lfil-silylated N ,N-
dimethylhydrazone (114), and also of the 1-(t-butyldimethylsilyl)-4-hydroxy-4-methyl-
octan-2-one N ,N-dimethylhydrazone (125) which is the branched chain hydrazone 
species required for the I ,4-addition process in our proposed synthesis of misoprostol 
outlined in Section 3.2, will be discussed in Chapter 4. 
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4.1 Introduction 
TBDMS 
( 113) 
As mentioned in Chapter 3, Section 3.6, the 1,4-addition stage in misoprostol 
synthesis would involve a more substituted hydrazone of type (113). In this case, 
ionisation would be expected to occur preferentially at C-1 because of the increased steric 
hindrance adjacent to C-3 together with the negative charge on oxygen. Thus, it is 
necessary to establish that such a t-butyldimethylsilyl hydrazone would undergo 1,4-
rather than 1,2-addition. A simple 1,3-bis-(t-butyldimethylsily !)acetone N ,N-
dimethylhydrazone (114) was considered most suitable and was therefore investigated 
next. 
4.2 Double Alkylation of Acetone N ,N-Dimethylhydrazone (63) 
Hubbard and Harris1 reported the twofold ionisation of unactivated ketones by 
treatment with strong bases to give highly nucleophilic a,a' dianions. For example, 
treatment of acetone with an excess of potassium hydride in diethyl ether afforded 
potassioacetone (A) which could be treated with equivalent amounts of n-butyllithium 
and tetramethylethylenediamine to give the dianion (B ). This dianion (B) can be 
subsequently dialkylated. 
0 
A KH 
0 
A 
(A) 
n·BuLI 
TMEDA 
0 
A 
{ B) 
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We also observed that acetone N ,N-dimethylhydrazone (63) underwent double 
alkylation upon treatment with 2.2 equivalents of lithium diisopropylamide in 
tetrahydrofuran followed by subsequent addition of an excess of t-butyldimethylsilyl 
chloride. The 1,3-hi£-(t-butyldimethylsilyl)acetone N ,N-dimethylhydrazone (114) was 
obtained after distillation in 65% yield, together with a small amount (5%) of 
monosilylated product (115). 
(114) R1 = R2 = TBDMS 
1 2 (115) R = TBDMS, R = H 
Comparison of the 1H-n.m.r. spectrum of the .b.i£-silylated N,N-dimethyl-
hydrazone (114) with that of the starting acetone N ,N-dimethylhydrazone (63) indicated 
the presence of two t-butyldimethylsilyl groups with singlet resonances at 8 0.88, 0.87 
fort-butyl protons and 0.03, 0.02 for SiMe2, and the absence of the original C-methyl 
groups at 8 1.94 and 1.90. The proton resonances of the two methylene groups 
appeared at 8 l.96 and 1.67 in 1H-n.m.r. spectrum of hydrazone (114). The structure 
(114) was further confinned by mass spectral data, which showed a molecular ion at m/z 
328, and a significant fragment ion at m/z 271 corresponding to loss of at-butyl fragment 
from the molecular ion. 
This result could be explained either by initial formation of the dianion (116), 
similar to that known from acetone described previously, which is subsequently 
dialkylated, or by repeated mono-ionisation and alkylation steps. 
-11 9 
( 116 ) 
When the reaction was monitored by g.c., however, it was clear that the 
monosilylated compound (115) was not formed faster than when only one equivalent 
each of lithium diisopropylamide and t-butyldimethylsilyl chloride was used. If the 
dianion (116) had been formed prior to addition of the silylating agent, it would have 
been expected to be highly nucleophilic and to react rapidly with the first equivalent oft-
butyldimethylsilyl chloride. Consequently, the bis-silylated product (114) was not the 
result of dianion formation but was formed from the monosilylated compound (115) in 
the presence of an excess of lithium diisopropylamide and t-butyldimethylsilyl chloride as 
illustrated in Fi 2, 4. 1. 
(63) 
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Fi2, 4,1 One-pot synthesis of the hll,-(t-butyldimethylsilyl) 
acetone N ,N-dimethylhydrazone (114 ) . 
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4.2.1 Ionisation and Subsequent Methylation of 1,3-11..u-
(t-butyldimethylsilyl)acetone N ,N-Dimethylhydrazone ( 114) 
The regiospecificity of anion formation of 1,3-.bis.-(t-butyldimethylsilyl)acetone 
N ,N-dimethylhydrazone (114) would no longer be a problem for C-C bond formation in 
the addition process since ionisation either at C-1 or at C-3 will give the same result. 
However, we needed to examine the efficiency of its anion formation. 
Treatment of the lfil-silylated N ,N-dimethylhydrazone (114) with 1.1 equivalent 
of lithium diisopropylamide in tetrahydrofuran followed by subsequent addition of an 
excess of methyl icxlide gave exclusively a monomethylated product (117), as judged by 
g.c./m.s. which showed a single product having a molecular ion 14 mass units higher 
than that of the starting N ,N-climethylhydrazone (114). In addition, g.c./m.s. analysis 
indicated two isomers of this methylated product (117). In contrast, the 1H-n.m.r. 
spectrum of the crude product (117) showed only one singlet resonance for the N ,N-
dimethyl protons and also only one doublet resonance for the introduced methyl protons. 
This suggested that isomerisation might occur on the g.c. column. 
MeiN......._ 
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Furthermore, we observed that replacement of lithium diisopropylamide with n-
butyllithium gave a mixture of compounds resulting from mono- and climethylation as 
determined by g.c./m.s. 
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4.2.2 Addition Reaction of a.-Lithiated 1,3-IJ..u-(t-butyldimethylsilyl)-
acetone N,N-Dimethylhydrazone (118) with 4-(t-Butyldimethyl-
silyloxy )cyclopent-2-enone ( 80) 
With the satisfactory anion formation from compound (114) established, an 
addition reaction of a-lithiated N ,N-dimethylhydrazone (118) with 4-(t-butyldimethyl-
silyloxy)cyclopent-2-enone (80) was investigated next. 
MeiN, 
N 
LI'-~ 
TBDMS TBDMS 
( 118) 
An attempted addition of a-lithiated N ,N-dimethylhydrazone (118) to the 4-
silyloxycyclopent-2-enone afforded a crude mixture in 100% total mass yield, the 1H-
n.m.r. spectrum of which indicated that not only 1,4-adduct (119) but also 1,2-adduct 
(120) was obtained, together with a trace of the unreacted 4-silyloxycyclopent-2-enone. 
In this case, the addition step proceeded much slower than the previous addition reactions 
of the other a-lithiated N ,N-dimethylhydrazones with cyclopent-2-enone rings, 
presumably due to increased steric hindrance in the vicinity of the anion. The mass 
spectrum of the crude mixture showed a weak molecular ion at m/z 540 and fragment 
ions at m/z 525 (M+-CH3), 483 { M+-C(CH3)3 }, 328 (from McLafferty rearrangement), 
271 (loss of a t-butyl fragment from the mass ion 328) and 73 (from a t-
butyldimethylsilyl group). Also, CI-mass spectral data gave a protonated molecular ion 
at m/z 541 which confirmed the presence of the N,N-dimethylhydrazone adducts (119) 
and/or (120). 
122 
NMe2 
s 
N~ 
TBDMS 0 
rNMei 
N TBDMS I 
' . 
6rnoMS 
... 
" TBDMS TBDMS OTBDMS 
( 119) ( 12 0) 
However, the ratio of the 1,4-adduct (119) to the 1,2-adduct (120) could not yet be 
established due to the complexity of the 1 H-n.m.r. spectrum of the mixture. Assuming 
that the anion was added trans to the silyl ether in both adducts (119) and (120), there 
are still several stereoisomers possible due to the secondary silyl substituent and the 
hydrazone itself, apart from possible hydrazone migration. 
Acidic hydrolysis of the crude mixture by using acetic acid in aqueous acetone, 
afforded a mixture of the 1,4-adducts (121, 122) and the 1,2-adducts (123, 124) 
which resulted from an incomplete conversion of the hydrazone moiety to carbonyl 
functionality and partial cleavage of the t-butyldimethylsilyl groups on the side chain, as 
analysed by g.c./m.s. G.c./m.s. analysis showed two components having the same 
highest mass ions at m/z 426 corresponding to molecular ions of the N ,N-
dimethylhydrazone adduct (121) or (123), another two components having the same 
highest mass ions at m/z 327 corresponding to loss of a t-butyl fragment from molecular 
ions of the carbonyl compounds (122) or (124), and another component having the 
highest mass ion at m/z 155 corresponding to loss of a t-butyl fragment from the 
molecular ion of the unreacted 4-(t-butyldimethylsilyloxy)cyclopent-2-enone (80). 
However, we could not directly identify the 1,4-adduct from the 1,2-adduct by using 
g.c./m.s. data since each mass spectrometric fragmentation pattern was dominated by the 
M +-C(CH 3) 3 ions. The 1H-n.m.r. spectrum of the hydrolysed mixture was 
correspondingly complicated, and therefore we did not investigate this product further 
123 
since the reaction represents only a rather inaccurate model for the misoprostol reaction, 
and significant 1,4-addition at least had occurred. 
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4.3 Preparation and Reactions of 1-(t-Butyldimethylsilyl)-4-hydroxy-
4-methyloctan-2-one N ,N-Dimethylhydrazone (125) 
Although it was not clear that the t-butyldimethylsilylated N,N-dimethyl-
hydrazone (114) would undergo preferential 1,4- rather than 1,2-addition, we decided to 
examine the addition of the N ,N-dimethylhydrazone anion (113) to the cyclopent-2-
enone ring, with the hope that 1,4-addition would be favoured. 
We initially prepared l-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one 
N ,N-dimethylhydrazone (125), corresponding to a potential "lower" side chain of 
misoprostol (23). Treatment of acetone N ,N-dimethylhydrazone (63) with one 
equivalent of lithium diisopropylamide and an excess of t-butyldimethylsilyl chloride in 
124 
tetrahydrofuran2 afforded 1-(t-butyldimethylsilyl)acetone N ,N-dimethylhydrazone (115) 
in 62% yield, after distillation. Aldol reaction of the anion of this product (115) with 
hexan-2-one gave after distillation the aldol adduct (125) in 85% yield. 
(63) 
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The 1H-n.m.r. spectrum of the crude product (115) obtained from the silylation reaction 
showed two singlets at 8 2.03 and 1.87 due to the methylene and C-methyl protons 
adjacent to the hydrazone, respectively, while the purified product showed two new 
singlets at 8 1.95 and 1.79. The mass spectra of the crude product and the purified 
product were similar and showed the same molecular ion (m/z 214). Thus, the new 
resonances at 81.95 and 1.79 were assigned as the C-methyl protons and the methylene 
protons of an isomeric hydrazone, respectively. The presence of these two isomers in 
the purified material was confirmed by g.c./mass spectral data which indicated two 
compounds having the identical mass spectrometric fragmentation patterns and the same 
molecular ions (m/z 214 ). 
Comparison of the 1H-n.m.r. spectrum of the purified product (115) with those 
of the (Z)- and (£)-1-trimethylsilylacetone N,N-dimethylhydrazones (126A) and 
(126B) reported by Corey and Enders,2 indicated that the resonances appearing at 8 
2.03 and 1.87 corresponded to the methylene and the C-methyl protons of the (Z)-isomer 
(115A), respectively, whereas those appearing at 8 1.79 and 1.95 corresponded to the 
methylene and the C-methyl protons of the (£)-isomer (115B), respectively, as shown 
below. 
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The ratio of (Z)- (115A) and (£)-isomers (115B) after purification was about 1: 1, 
determined by comparing the integrals of the two methyl proton singlets at 8 1.87 
(115A) and 1.95 (115B). 
In the case of the aldol adduct (125), the mass spectral data and the 1H-n.m.r. 
properties of the crude product and the freshly purified product were identical, indicating 
only one stereoisomer in each case. The 1 H-n.m.r. spectrum of this stereoisomer 
showed two doublets at 8 2.59 and 2.19 due to CHi-3, and another two doublets at 8 
1.90 and 1.71 due to CHi-1. The resonances of the hydroxy proton and the N ,N-
dimethyl protons appeared at 8 7 .85 and 2.43, respectively. Upon standing at room 
temperature, the purified product (125), however, gave a more complicated 1H-n.m.r. 
spectrum. Chromatographic separation afforded two compounds, the mass spectra of 
which were similar and showed the same molecular ion at m/z 314. This indicated that 
the two compounds were stereoisomeric. The 1H-n.m.r. spectrum of the more polar 
isomer (125A) was identical to that of the freshly purified material whereas that of the 
less polar isomer (125B) was similar apart from the proton resonances of the C-3 
methylene group which appeared as two doublets at 8 2.27 and 2.13, and that of the C- 1 
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methylene group which appeared as a singlet at 8 2.03. In addition, the resonances of 
the hydroxy proton and the N ,N-dimethyl protons of compound (125B) appeared at 8 
5.95 and 2.36, respectively. 
Based on the 1 H-n.m.r. spectra of the 1-(t-butyldimethylsilyl)acetone N ,N-
dimethylhydrazones (115A) and (115B), the structures of (125A) and (125B) were 
assigned as the E- and Z-structures shown below. The ratio of aldol adducts (125A) 
and (125B) was about 2:1, determined by comparing the integrals of the two N,N-
dimethyl proton singlets in 1H-n.m.r. spectrum of the mixture. 
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4.3.1 Stereochemistry of Ketone N,N-Dimethylhydrazones 
Previous investigations3 together with the present work described above showed 
that in the deprotonation reaction of acetone N,N-dimethylhydrazone (63 ), the 
predominant isomer of the lithio anion (64) appeared to be the isomer with the 
dimethylamino group syn to the deprotonated alkyl group (Fil:, 4,2) , presumably due 
to chelation of the lithium atom by the nitrogen of the dimethylamino group. Thus, 
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silylation of this syn anion afforded the (Z)-isomer (115A) which isomerised after 
purification to the equilibrium mixture with the (£)-isomer (115B ). The same 
phenomenon was observed in the subsequent deprotonation and aldol reaction of this 
mixture of isomers (115A) and (115B). Both components of this mixture must afford 
the same syn anion, which on aldol reaction yields the E-hydrazone (125A). 
Purification and further standing at room temperature results in isomerisation to the 
equilibrium mixture of E- (125A) and Z-isomers (125B). 
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Fig, 4,2 Deprotonation reactions of N ,N-dimethylhydrazones. 
It was also notable that if the hydrazone (63) was treated with two equivalents of 
base and silylating agent, the bis-silylated derivative (114) was obtained directly (see 
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Section 4.2). Rate studies excluded the intermediacy of a hydrazone dianion , and 
indicated that the _l-fil-silylated derivative (114) was formed from the monosilylated 
compound (115) in the presence of an excess of lithium diisopropylamide and t-
butyldimethylsilyl chloride as shown in Fii:, 4.1. In addition, it was clear that 
isomerisation of 1-(t-butyldimethylsilyl)acetone N ,N-dimethylhydrazone (115) did not 
occur immediately after work-up, but occurred only after purification by distillation. 
Therefore, in the double alkylation of acetone N ,N-dimethylhydrazone (63) (Fi2, 4.1), 
ionisation of the Z-monosilylated hydrazone (115A) which was generated in situ at low 
temperature, must occur before isomerisation of the C=N bond to give the more stable 
chelated lithium species. 
4.3.2 Ionisation and Subsequent Methylation of 1-(t-B utyldimethyl-
silyl)-4-hydroxy-4-methyloctan-2-one N ,N -Dimethylhydrazone 
( 125) 
As described in Chapter 3, Section 3.4.2 (part B), ionisation and subsequent 
methylation of 1-(t-butyldimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96) was 
favoured at C-3, giving a 3: 1 ratio of C-3 to C-1 methylation products. Thus, we needed 
to examine the efficiency and regiospecificity of anion formation from l-(t-
butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethylhydrazone (125), 
since the highly preferential ionisation of this trialkylsilylated N ,N-dimethylhydrazone at 
C-1 rather than at C-3 is essential for our ultimate synthetic purposes, in order to avoid a 
mixture of 1,4-addition products. Again, we chose to examine this regiospecificity by a 
methylation study. 
As expected, we found that despite the bulky t-butyldimethylsilyl group, the 
combination of the negative charge on oxygen and steric hindrance at C-3 now directed 
ionisation of compound (125) back to C-1, giving the methylated product (127). The 
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mass spectrum of this material showed a molecular ion 14 mass units higher than that of 
the starting hydrazone (125). 
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The 1H-n.m.r. spectrum of the crude methylated product, when compared with that of 
the starting N ,N-dimethylhydrazone isomers (125 A) and (125B ), indicated the 
presence of the C-3 methylene protons as an AB system at 8 2.19 and 2.04 and the 
introduced methyl protons as a doublet at 8 1.20, and also the absence of the C-1 
methylene protons. This data indicated that methylation of the t-butyldimethylsilylated 
N ,N-dimethylhydrazone (125) occurred exclusively at C-1 and not at C-3. 
Chromatographic purification gave pure methylated product (127) in 31 % yield. Since 
the 1H-n.m.r. spectrum of the crude product was very similar to that of the purified 
material, and the recovery from the reaction was high, considerable loss of product must 
have occurred on purification. 
In order to confirm that ionisation and subsequent methylation of compound 
(125) occurred very selectively at C-1, the crude methylated product (127) was 
hydrolysed under acidic conditions, using diluted hydrochloric acid in tetrahydrofuran.4 
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These strongly acidic conditions would be expected not only to hydrolyse the hydrazone, 
but also to effect desilylation and dehydration of the tertiary alcohol. The 1H-n.m.r. 
spectrum of the crude product (128) showed a singlet resonance at 8 6.05 due to the 
olefinic proton at C-4 and a triplet resonance at 8 1.05 due to the introduced methyl 
protons at C-1. This 1 H-n.m.r. spectral data confirmed the regiospecificity of 
methylation, because the 1H-n.m.r. spectrum of the hydrolysed C-3 methylated product 
would be expected to show an extra singlet resonance due to an allylic methyl group and 
to lack a resonance due to an olefinic proton. Furthermore, desilylation of crude 
methylated N ,N-dimethylhydrazone (127), using tetra-n-butylammonium fluoride in 
tetrahydrofuran,5 afforded product (129). The 1H-n.m.r. spectrum of the product 
(129), showed the resonance of the protons of the introduced methyl group only as a 
triplet at 8 1.07. This data also confirmed the exclusive existence of the introduced 
methyl group at the C-1, not at the C-3 position of compound (129). 
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4.3.3 Addition Reactions of a-Lithiated Anion ( 113) with 
4-(t-B utyldimethylsilyloxy )cyclopent-2-enone ( 80) 
With the specific and efficient ionisation of 1-(t-butyldimethylsilyl)-4-hydroxy-4-
methyloctan-2-one N ,N-dimethylhydrazone (125) at C-1 established, we investigated 
131 
the addition of the a-lithiated N N-dimethylhydrazone (113) to 4-(t-butyldimethyl-
ilyloxy)cyclopent-2-enone (80). 
Addition of the a-lithiated N N-dimethylhydrazone (113) to 4-(t-butyldimethyl-
ilyloxy)cyclopent-2-enone (80) in tetrahydrofuran afforded a crude mixture in high 
yield, the 1H-n.m.r. spectrum of which was complicated, as would be expected from the 
possible number of isomers present. However, the presence of non-allylic methine 
protons next to silyloxy groups and non-conjugated olefinic protons suggested that both 
1,4- and 1,2-adducts (130) and (131) were obtained. Moreover, the mass spectrum of 
the crude material showed a weak molecular ion at m/z 526 and lot of fragment ions, due 
to fragmentation. The ratio of the 1 ,4-adduct (130) to the 1,2-adduct (131) could not be 
obtained directly from the 1H-n.m.r. spectrum of the crude mixture due to its complexity 
as mentioned before, and also due to the undetectability of the allylic methine proton next 
to the silyloxy group of the 1,2-adduct (131). 
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From our previous experience described in Chapter 3, the reactions of various a-lithiated 
N N-dimethylhydrazones with cyclopent-2-enone itself or with the protected 4-
hydroxycyclopent-2-enones (79) and (80), however, favoured 1,4-addition, especially 
in case of the a-lithiated anion of the trimethylsilylated N N-dirnethylhydrazone (95) 
which showed that increased bulk adjacent to the carbanionic site efficiently promoted 
1 ,4-addition (Chapter 3, Section 3.5.3). According to this evidence, the reaction of the 
a-lithiated anion (113), having a bulky t-butyldimethylsilyl group adjacent to the 
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carbanionic site, with 4-(t-butyldimethylsilyloxy)cyclopent-2-enone would be expected to 
favour 1,4-addition, affording the 1,4-adduct (130) as the major product. As with the 
lfil-silylated N ,N-dimethylhydrazone (114), a very slow addition process was observed 
at -65 °C. 
Chromatographic separation of this crude mixture gave 3 fractions, each in very 
low yield. The 1 H-n.m.r. spectra of the first 2 fractions, obtained in 11 % and 16% 
yields, were almost identical apart from the resonance of the methine protons next to the 
t-butyldimethylsilyloxy group which appeared as multiplets at slightly different chemical 
shifts, 8 4.1 and 4.4. Both spectra indicated the absence of olefinic protons which 
would be expected to appear between 8 5.90-5. 70, and the presence of singlet 
resonances due to the N ,N-dimethyl and t-butyldimethylsilyl groups of the alkyl side 
chain. The mass spectral data of each fraction did not show a molecular ion (m/z 526) 
but showed a weak ion at m/z 508, corresponding to M+-H20, and a lot of fragment 
ions, again, reflecting fragmentation. However, CI-mass spectral data of both fractions 
gave the (M+ +1) ions at m/z 527 and high resolution EI-mass spectroscopy of one 
fraction indicated the formula C28H56N20 2Si2 for the M+-H20 ion, as required. These 
spectroscopic data established each fraction as one of the possible diastereoisomers of the 
1,4-adduct (130). Similarly to the other 1,4-adducts described previously, the low total 
recovery of the 1,4-adduct (130) was probably due to instability of the adduct since the 
1H-n.m.r. spectrum of the crude material indicated that the 1,4-adduct (130) could be 
obtained in reasonable yield. 
The 1 H-n.m.r. spectrum of the third fraction, obtained in 5% yield, was 
complicated. It showed resonances at 8 7 .42, 6.25, 6.18 and 5.90 which were assigned 
as two pairs of olefinic protons. According to their coupling constants, the resonances at 
8 7 .42 with either 8 6.25 or 6.18 were assigned to one pair of olefinic protons whereas 
the resonances at 8 5.90 with either 8 6.25 or 6.18 were assigned to another pair. In 
addition, CI-mass spectral data of this fraction showed, among the other ions, a 
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protonated molecular ion at m/z 527 and a fragment ion at m/z 509 corresponding to 
(M+ + 1)-HiO. From this evidence and our experience with the olefinic proton resonances 
of either the non-conjugated 1,2- N ,N-dimethylhydrazone adducts or those of the starting 
conjugated 4-silyloxycyclopent-2-enone, this fraction appeared to be a mixture of the 
1,2-adduct (131) and the cyclopentenone (132). According to the known equilibration 
of enolates of 1,4-adducts {see Chapter 1, Section 1.7.1 (part B)}, compound (132) 
could be derived from the enolate of the 1,4-adduct (130) as depicted in Fie, 4.3. 
However, this fraction was not examined further. As before, low recovery of this 
fraction reflected instability of the adduct mixture. 
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Fh:, 4.3 Formation of compound (132) via the known equilibration process. 
Although we could not determine the ratio of the 1 ,4-adduct (130) to the 1,2-
adduct (131) directly from the 1H-n.m.r. spectrum of the crude mixture because of its 
complexity, the results obtained from chromatography of this crude mixture indicated that 
the 1,4-adduct (130) was the major product, as would be expected from the addition 
,-
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reaction of an a-lithiated hydrazone anion, having a bulky trialkylsilyl group adjacent to 
carbanionic site, with a protected 4-hydroxycyclopent-2-enone. 
With regard to stereochemical aspects of the 1,4-adduct (130) and the 1,2-adduct 
(131), the introduced alkyl substituents would be expected, as described in Chapter 3, 
Section 3.3.3 (part A), to have a trans relationship to the t-butyldimethylsilyloxy groups 
in each case. 
As mentioned in Chapter 3, Section 3.5.2 since the t-butyldimethylsilyl group 
would clearly be susceptible to cleavage during acidic hydrolysis of the N ,N-
dimethylhydrazone moiety, we needed to find suitable neutral conditions for hydrazone 
cleavage of this t-butyldimethylsilylated N ,N-dimethylhydrazone mixture. The crude 
mixture of adducts (130), (131) and (132) was treated with aqueous sodium periodate 
at pH 7 and room temperature. 6 Comparison of the 1H-n.m.r. spectrum of the crude 
product resulting from this oxidative hydrolysis with that of the starting N ,N-
dimethylhydrazone mixture, indicated that the starting material was recovered 
quantitatively. This result was confirmed by CI-mass spectrometry which gave a 
protonated molecular ion at m/z 527 corresponding to the (M+ + 1) ion of the N ,N-
dimethylhydrazone adducts (130) and (131). An attempt to convert the pure N,N-
dimethylhydrazone (130) into the corresponding carbonyl compound by treatment with 
ozone in dichloromethane 7 was also unsuccessful. Extensive decomposition was 
observed in this case. 
As described in Chapter 3, Section 3.3.1, the use of hexamethylphosphoric 
triamide-trimethylsilyl chloride promoted the 1,4-addition of a-lithiated acetone N ,N-
dimethylhydrazone (64) to cyclopent-2-enone. We therefore attempted an addition of the 
a-lithiated hydrazone anion (113) to 4-(t-butyldimethylsilyloxy)cyclopent-2-enone in the 
combined presence of hexamethylphosphoric triamide and trimethylsilyl chloride. The 
1H-n.m.r. spectrum of this reaction mixture, when compared with that of the crude 
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mixture obtained from the addition reaction mentioned earlier, indicated that the unreacted 
4-(t-butyldimethylsilyloxy)cyclopent-2-enone was recovered in higher yield. This result 
could be explained as follows. Since the addition of the a-lithiated hydrazone anion 
(113) to the cyclopent-2-enone ring occurred very slowly, we could expect the a-
lithiated hydrazone anion (113) to react much faster with trimethylsilyl chloride, and as 
the result the starting 4-(t-butyldimethylsilyloxy)cyclopent-2-enone was recovered 
quantitatively. It is to be noted that the trimethylsilyl chloride and 4-(t-
butyldimethylsilyloxy)cyclopent-2-enone were added as a combined mixture to the 
hydrazone anion (113) solution. As before, the ratio of the 1,4-adduct (130) to the 1,2-
adduct (131), obtained from this addition reaction, could not be established. However, 
these two reactions indicated that 1,4-addition of the a-lithiated hydrazone anion (113), 
a required anion species for the 1,4-addition outlined in Chapter 3, Section 3.2, to 4-(t-
butyldimethylsilyloxy)cyclopent-2-enone was possible. Further studies of this reaction, 
including increasing the ratio of the 1,4-adduct (130) to the 1,2-adduct (131), either by 
the use of triphenyltin chloride-hexamethylphosphoric triamide (Chapter 3, Section 
3.3.2), or by the use of dimethylzinc as reported by Noyori et al.,8 are underway. 
A crucial problem arising from our studies was the difficulty in finding suitable 
conditions for hydrazone cleavage of a t-butyldimethylsilylated N ,N-dimethylhydrazone 
species. We therefore focussed our attention on hydrazone cleavage of the parent t-
butyldimethylsilylated N ,N-dimethylhydrazone (125) under various conditions, and, 
secondly, the possibility of achieving the corresponding olefin, e.g., via Peterson 
olefination.9 
4.4 Attempts to Construct the 13,14-Olefinic Bond 
As described in Chapter 3, Section 3.2, we proposed to form the 13, 14-trans 
olefinic bond (prostaglandin numbering) in misoprostol (23) by interaction of the C-13 
Z-substituent with functionality derived from the N ,N-dimethylhydrazone moiety at C-
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14. Our initial aim described in Chapter 3, Section 3.4.2, was to construct the trans 
olefinic bond via the known Peterson olefination.9 
In Peterson olefination, /3-hydroxysilanes are converted into the olefins by 
treatment with either acid or base as depicted in Fi~. 4,4. The elimination reactions are 
stereospecific and can be controlled to proceed either in a syn (by the base promoted-
reactions) or an anti manner (by the acid promoted-reactions); thus, either a cis or trans 
olefin can be formed from one stereoisomer of a ~hydroxysilane. If two stereoisomers 
of the ,B-hydroxysilane are present, either process will afford a stereoisomeric mixture of 
olefins, which may necessitate further conversion by known processes into a single 
isomer. 
(R1hSi OH 
R 
2
11 "H· II R' 
R3 Rs 
(,8-Hyd roxysi lane) 
Base Acid 
Fi2, 4,4 Two mechanisms of Peterson olefination. 
In order to achieve this plan in our misoprostol synthesis, conversion of the N ,N-
dimethylhydrazone into the ketone and then reduction to the secondary alcohol are 
necessary. We initially focussed our attention on the conversion of 1-(t-
137 
butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one (125), a model for the more 
complex hydrazone (130), into the corresponding carbonyl compound. 
4.4.1 Conversion of l-(t-Butyldimethylsilyl)-4-hydroxy-
4-methyloctan-2-one N ,N -Dimethylhydrazone ( 125) into 
the Corresponding Carbonyl Compound 
In view of the fact that the t-butyldimethylsilyl group would be susceptible to 
cleavage during acidic hydrolysis of the N ,N-dimethylhydrazone moiety (Chapter 3, 
Section 3.5.2), milder conditions for hydrolysis of the t-butyldimethylsilylated N ,N-
dimethylhydrazone (125) were required. Cleavage of the 1-(t-butyldimethylsilyl)-4-
hydroxy-4-methyloctan-2-one N ,N-dimethylhydrazone (125) into the corresponding 
ketone by ozonolysis or oxidative hydrolysis (with aqueous sodium periodate at pH7 and 
room temperature) was therefore examined. 
The 1H-n.m.r. spectrum of the crude mixture obtained in high yield from the 
ozonolysis was complicated. Chromatography of the crude mixture afforded three 
unknown compounds, each in low yield. The 1H-n.m.r. spectrum of the most polar 
compound, obtained in 9% yield, indicated the absence of t-butyldimethylsilyl protons, 
which would be expected to show two singlets at 8 0.90 (t-butyl) and 0.09 (SiMe2), but 
showed a singlet at 8 2.17 which was assigned to be the methyl protons a to a carbony 1 
group. In addition, the 13C-n.m.r. spectral data showed that the unknown contained 9 
carbons in which two carbons were assigned to carbonyl group and a quartemary carbon 
adjacent to hydroxy group, due to their chemical shift values. The INEPTR 13C-n.m.r. 
spectrum revealed that the unknown contained three primary carbons at 8 31.9, 26.7 and 
14.0, and four secondary carbons at 8 52.2, 41.9, 26.1 and 23.1. According to its 13C-
and 1H-n.m.r. spectra, this compound was 4-hydroxy-4-methyloctan-2-one (133). Its 
mass spectrum did not show a molecular ion but showed fragment ions at m/z 143 (M+-
CH3), 115 (M+-CiH30 or C3H7) and 101 (M+-C3H50 or C4~). 
( 6 2.17) H C~CH 1./0H 
3 ,~ 
( o 2.65, 2.55) 
(133 ) 
138 
( Ii 2.22) H2C~CH~ 
-hmMS \__ ( 6 2.58 , 
( 13 4 ) 
2 .49) 
Comparison of the 1 H-n.m.r. spectrum of the second compound, obtained in 
21 % yield, with that of 4-hydroxy-4-methyloctan-2-one (133) indicated the absence of 
methyl protons a to a carbonyl group and the presence of t-butyldimethylsilyl protons, 
and it was formulated as 1-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one (134). 
The protons of the C-1 methylene group appeared as a singlet resonance at 8 2.22 
whereas those of the C-3 methylene group appeared as two doublets at 8 2.58 and 2.49. 
Support for the structure (134) was obtained from the mass spectrum which gave the 
fragment ions at m/z 215, 157, 115 and 101, corresponding to (M+-C4H 9 ) , (M+-
C7H15O), (M+-C8H 17SiO) and (M+-C9H 19SiO) as depicted below. This is, of course, 
the desired compound but its yield is too low for synthetic purposes. 
157 
~---101 
215----
( 13 4) 
Similarly, comparison of the 1H-n.m.r. spectrum of the least polar compound, 
obtained in 4% yield, with those of compounds (133) and (134) indicated the absence 
of both t-butyldimethylsilyl and methyl protons a to a carbonyl group and the presence 
of methylene protons a to both carbonyl and tertiary alcohol functionalities, appearing as 
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two doublets at 8 2.63 and 2.52. Moreover, the 1H-n.m.r. spectrum of this unknown 
showed a new triplet at 8 2.42 which was assigned to new methylene protons a to a 
carbonyl group. Its mass spectral data showed the highest ion at m/z 185 and the 
fragment ions at m/z 182, 143, 101, 85 and 57 which was assigned as (M+-CH3), (M+-
H2O), (M+-C41½), (M+-C6H 11 O), (M+-C,H15O) and (C4H9 +), respectively. According 
to these spectroscopic data, this compound was assigned as 7-hydroxy-7-
methylundecan-5-one (135). 
2.52) 
( 13 5) 
The undecan-5-one (135) could be derived from 2 molecules of hexan-2-one, probably 
obtained from retro-aldol reaction of the t-butyldimethylsilylated octan-2-one (134), as 
shown in Fie, 4.5, or from its desilylated analogue (133). 
OH 0 
2 
R 
2 ~ + 
R 
2~ 
(133) R = H R =Hor TBDMS 
(134) R = TBDMS 
( 13 5) 
Eh~, 4,5 Formation of the undecan-5-one (135). 
Oxidative hydrolysis of compound (125) using tetrahydrofuran or methanol as 
solvent gave a crude mixture, the 1H-n.m.r. spectrum of which indicated mainly the 
desilylated ketone (133). 
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Further efforts to selectively hydrolyse the hydrazone moiety of the t-
butyldimethylsilylated N,N-dimethylhydrazone (125) using cupric acetate in water (pH 
5.4), lOa cupric acetate/phenanthroline in water (pH 6.5), excess of methyl iodide at 60 
°ὡC in tetrahydrofuran (salt method),6b or Amberlyst 15 resin in aqueous acetone10b also 
afforded mainly the desilylated ketone (133), as judged by 1H-n.m.r. spectra of the 
crude mixtures. 
With this difficulty in converting the t-butyldimethylsilylated N ,N-dimethyl-
hydrazone (125) into the carbonyl derivative (134), which would presumably apply also 
to the more complex intermediates in misoprostol synthesis, the formation of the 13,14-
trans olefinic bond via the conversion of an N ,N-dimethylhydrazone into a carbonyl 
compound and then reduction to a secondary alcohol was not further investigated. 
4.4.2 An Efficient Route to the Formation of Olefinic Functionality 
As described in Section 4.4, in Peterson olefination, olefins are formed by 
elimination from the ,8-hydroxysilanes on treatment with acid or base. An alternative 
possible approach to the formation of 13, 14-olefinic functionality would involve 
reduction of the N ,N-dimethylhydrazone to N,N-dimethylhydrazine functionality, 
followed by interaction with the adjacent t-butyldimethylsilyl substituent as shown in 
Eh:, 4.6. In this case, by analogy with /3-hydroxysilanes, treatment of the /3-
hydrazinosilanes with either acid or base would be expected to give the corresponding 
olefins. 
14 1 
Reduction Elimination 
(/J· Hy d razl n osl lane) 
Fi2, 4.6 An approach to the formation of the 13,14-
olefinic bond via JJ-hydrazinosilane. 
As regards the reduction step, Enders11 has shown that the C=N bond of SAMP-
/RAMP-hydrazones can be reduced cleanly with catechol borane (CB) or lithium 
aluminium hydride (LAH) {see Chapter 2, Section 2.3.1 (part D) }. Therefore, it was 
decided to examine the reduction of our N ,N-dimethylhydrazones by the same method 
using catechol borane. 
We initially examined this reduction-elimination approach, illustrated in ~ 
~' by using the model compound (96). 
A. From 1-(t-B utyldimethylsilyl)octan-2-one N ,N -
Dimethylhydrazone (96) 
Borane reduction 12 of l-(t-butyldimethylsilyl)octan-2-one N ,N-dimethyl-
hydrazone (96) afforded a crude product, the 1 H-n.m.r. spectrum of which showed a 
clean formation of l-(t-butyldimethylsilyl)-2-(N ,N'-dimethylhydrazino)octane (136). 
TBDMS 
(96) 
CB 
TBDMS 
( 13 6 ) 
142 
The presence of this hydrazine (136) was indicated by a resonance due to the C-2 
methine proton which appeared at 8 2.84 as a multiplet, and also by a resonance due to 
the C-1 methylene protons which appeared at 8 0.71 as a doublet with a coupling 
constant of 6.6 Hz. Note that the C-1 methylene protons of the starting N ,N-
dimethylhydrazone (96) appeared as a singlet at 81.97 in the corresponding 1H-n.m.r. 
spectrum. Support for the structure (136) was obtained from mass spectral data of the 
crude product which showed a molecular ion 2 mass units higher than that of the starting 
material (96). However, we found that this crude hydrazine (136) was decomposed 
within half an hour after work-up, as analysed by g.c. and 1H-n.m.r. spectroscopy. In 
addition, g.c. analysis indicated that the decomposed material contained three major 
components. According to g.c./mass spectral data, the first two components were 
probably the structures (137) and (138) whereas the structure of the last component 
could not yet be established. Compound (136) was therefore re-prepared and subjected 
immediately to an elimination reaction without purification. 
TBDMS 
( 13 7) 
TBDMS 
( 13 8) 
In our initial attempts, compound (136) was treated with either concentrated 
sulfuric acid or potassium hydride in tetrahydrofuran at room temperature. 13 Analysed 
by 1H-n.m.r. and g.c., no elimination reaction took place in either case. Surprisingly, 
the recovered starting material showed no decomposition. 
Further efforts to prepare olefinic functionality from the reactions of unpurified 
product (136) , at room temperature or 55-60 °C, with either potassium hydride or 
concentrated sulfuric acid in tetrahydrofuran/hexamethylphosphoric triamide 
143 
(THF/HMP A = 2: 1 V N), 13 or potassium hydride in hexamethylphosphoric triamide, 13 
or methanesulfonyl chloride-triethylamine in pentane13 were also unsuccessful. In these 
cases, decomposition of starting material (136) was detected by both g.c. and 1H-n.m.r. 
spectroscopy. 
However, when unpurified product (136) was treated with concentrated sulfuric 
acid in tetrahydrofuran at 55-60 °C, an elimination reaction took place. The 1H-n.m.r. 
spectrum of the crude product indicated the presence of t-butyldimethylsilyl protons at 8 
0.89 and 0.09, together with two pairs of olefinic protons between 8 6.10-5.20. 
G.c./mass spectral data indicated that two products were obtained from this elimination 
reaction, both compounds having molecular ions at m/z 226 which indicated that they 
were derived by the elimination of an N ,N-dimethylhydrazine molecule. Moreover, their 
mass spectral patterns were similar, but not identical. Difference in intensities of some 
fragment ions were detected. According to these spectroscopic data, these compounds 
were assigned as 1-(t-butyldimethylsilyl)oct-1-ene (139) and 1-(t-butyldimethylsilyl)oct-
2-ene (140). 
H 
TBDMS TBDMS 
3 
H 
( 13 9) ( 14 0) 
The 1 H-n.m.r. spectrum of the crude product was consistent with these structures 
because there were four olefinic proton resonances occurring at 8 6.02 (multiplet), 5.59 
(doublet), 5.37 and 5.25 (two doublet of triplets). The first two resonances could be 
assigned to H-2 and H-1 of the oct-1-ene (139) whereas the other two resonances could 
be assigned to H-2 and H-3 of the oct-2-ene (140). Furthermore, the oct-1-ene (139) 
was obtained only in the trans-form. No cis-form was detectable. This configurational 
conclusion was indicated by the resonance due to H-1 of oct-1-ene (139) which 
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appeared as a doublet with a coupling constant of 18.6 Hz. The configuration of oct-2-
ene (140) could not be established, since the olefinic proton resonances were 
complicated; therefore, their coupling constant values could not be obtained directly from 
the 1H-n.m.r. spectrum of the mixture. The ratio of compounds (139) to (140) was 
about 1 :3, determined by comparing the integrals of the olefinic protons in the 1 H-n.m.r. 
spectrum. Both g.c. and g.c./m.s. analysis of this mixture indicated that the minor 
component was the oct-1-ene (139) and the major component was the oct-2-ene (140), 
in a ratio of approximately 1:3, in agreement with the 1H-n.m.r. Upon g.c./m.s. 
analysis, the mass spectrometric fragmentation patterns of these two compounds were 
distinguished from each other by a characteristic fragment ion at m/z 169 which 
corresponded to M+-C4H9; the oct-1-ene (139) had, as expected,14 the fragment-169, 
corresponding to a stabilized vinyl silicon cation {M+-C(CH3)3 }, as base peak while the 
oct-2-ene (140) had the fragment-169, corresponding to M+-C4H9 or M+-C(CH3)3, at 
25% of the base peak m/z 73 (from a t-butyldimethylsilyl group). An inferior result was 
obtained in a reaction using potassium hydride in tetrahydrofuran at 55-60 °C. In this 
case, a small amount of the octenes (139) and (140) was obtained, together with 
decomposed starting hydrazine (136) and unknowns, as analysed by g.c. and g.c./m.s. 
Attempted elimination of the freshly prepared hydrazine (136) using boron 
trifluoride etherate in dichloromethane13 (at O °C to room temperature) gave the desired 
oct-1-ene (141) in quantitative yield, as judged by g.c. The retention time and g.c./m.s. 
pattern of the product (141) were identical with that of an authentic sample. 
( 141) 
Upon consideration of the results obtained from all methods mentioned above, it 
was clear that difficulty in achieving the desired oct-1-ene (141) was due to failure to 
involve the t-butyldimethylsilyl group in the elimination process. However, this problem 
145 
was overcome by using boron trifluoride etherate. We decided to try hydrogen fluoride 
in the elimination step as an alternative to the Lewis acid boron trifluoride etherate. This 
fluoride reagent would be expected not only to protonate the N ,N-dimethylhydrazine 
moiety, but also to abstract the silyl group by fluoride ion, giving only the desired oct-1-
ene (141) as shown in Eh:, 4.7. With this hope the freshly prepared N ,N -
dimethylhydrazine (136) was treated with hydrogen fluoride in acetonitrile at 55-60 
°ᗆC, 15 a reagent commonly used for desilylation of compounds containing silyl ether 
functionality. 
TBDMS 
( 13 6) 
HF 
TBDMS 
F-) 
Fi&, 4,7 Formation of oct-1-ene (141) using HF. 
( 141) 
Direct g.c. studies of the reaction solution indicated that this elimination process 
was complete within 3 hr, giving the desired oct-1-ene (141) in high yield, together with 
very small amount of octan-2-one which resulted from the incomplete reduction of the 
parent l-(t-butyldimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96). Again, 
confirmation for the structure (141) was obtained by comparison of the g.c./mass 
spectral data of the crude product with that of an authentic sample. Due to the high 
volatility of oct-1-ene (141), its isolation would be difficult and therefore ether extracts 
obtained from the elimination reaction were analysed directly by g.c. The use of t-
butylbenzene as an internal standard indicated that the oct-1-ene (141) was obtained in 
95% yield. 
With the successful formation of the oct-1-ene (141) from 1-(t-butyl-
dimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96) under the hydrogen fluoride-
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conditions, the elimination reaction of l-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-
2-one N,N-dimethylhydrazone (125) was investigated next. 
B. From 1-(t-Butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one 
N ,N -Dimethylhydrazone ( 125) 
Reduction of the t-butyldimethylsilylated N ,N-dimethylhydrazone (125) with 
catechol borane in ether afforded a crude product, the 1H-n.m.r. spectrum of which 
showed mainly the N ,N-dimethylhydrazine (142 ). The presence of this N ,N-
dimethylhydrazine was indicated by a resonance due to the methine proton which 
appeared at 8 3.25 as a multiplet. In addition, compound (142) existed as two 
racemates, indicated by the resonances of the protons of the C-4 methyl group which 
appeared as two singlets at 8 1.16 and 1.13. These results were further confirmed by 
g.c./mass spectral data which showed two species having molecular ions 2 mass units 
higher than that of the starting N ,N-dimethylhydrazone (125), although decomposition 
was also detectable. 
CB 
TBDMS TBDMS 
( 12 S) (142) 
To avoid the decomposition of N ,N-dimethylhydrazine (142 ), the freshly 
prepared hydrazine (142) was not purified but was immediately treated with hydrogen 
fluoride in acetonitrile at 55-60 °C. Although the 1 H-n.m.r. spectrum of the crude 
product was complicated, it indicated the presence of the three olefinic protons, at 8 5.75 
due to H-2 and 5.16 due to two H-1 protons, and the absence of both t-
butyldimethylsilyl and N ,N-dimethylhydrazine functionalities. This data indicated that 
the crude product had olefinic functionality between C-1 and C-2. However, g.c./mass 
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spectral data of this compound showed the highest mass ion at m/z 168 so this compound 
was not the desired prcxluct (143) which would be expected to show a molecular ion at 
m/z 142. 
(143) M+ = 142 (144) M+ = 183 
CI-mass spectral data of the crude product showed a protonated molecular ion at m/z 184 
(M+ + 1), implying that the unknown compound was the acetarnide (144). The 1H-
n.m.r. spectrum of the material showed a singlet resonance at 8 1.97 due to the methyl 
protons a to the carbonyl group. The presence of acetamide functionality was confirmed 
by infrared absorption at 1668 cm-1. 16 Thus, the ions at m/z 168 and 142 in the 
g.c./mass spectrum corresponded to (M+-CH3) and (M+-C3H5) ions, respectively. 
As shown in Fi2, 4.8. formation of the acetamide (144) could occur from the 
( 143) 
j 
(144) 
Fig, 4,8 Formation or the acetamide (144). 
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desired hydroxy-olefin (143). Reaction of the tertiary alcohol with the acid used would 
afford a carbocation, which is trapped by the acetonitrile solvent. 
To prove that the desired product (143) was formed but was attacked by 
acetonitrile, the 4-hydroxy-4-methyloct-1-ene (143) was prepared by Grignard reaction 
of hexan-2-one and allyl bromide. 17 The 1H-n.m.r. spectrum of the purified oct-1-ene 
(143) showed the presence of the olefinic protons at 8 5.86 and 5.12, and the presence 
of two sets of methyl protons at 8 1.15 (tertiary CH3) and 0.90 (CH3-8). The structure 
of compound (143) was supported by mass spectral data which gave the highest mass at 
m/z 124 (M+-H20) and base peak at m/z 101 (M+-½H5). 
Treatment of the authentic oct-1-ene (143) with hydrogen fluoride in acetonitrile 
at 55-60 °C gave a crude product, the 1H-n.m.r. spectrum of which was very similar to 
that of the elimination product (144 ). G.c./mass spectral data of the crude product 
obtained from this reaction was also identical to that of the acetamide (144). These 
results indicated that the desired elimination product (143) was, in fact, being formed 
from the hydrazine (142) with hydrogen fluoride, but was reacting further with the 
sol vent acetonitrile. 
Direct g.c. or g.c./m.s. studies of the quenched elimination reaction demonstrated 
that the conversion of the desired oct-1-ene (143) into the acetamide (144) did not take 
place until a certain amount of the desired oct-1-ene (143) was formed in the elimination 
process. For example, g.c. data after 1 hour revealed that a certain amount of the starting 
N ,N-dimethylhydrazine (142) had been converted into the desired product (143) and no 
trace of the acetamide (144) was detectable. Use of t-butylbenzene as an internal g.c. 
standard indicated that the desired 4-hydroxy-4-methyloct-1-ene (143) was formed in 
72 % yield after 1 hr of the elimination process. When the elimination was allowed to 
proceed, however, the conversion of the unstable oct-1-ene (143) into the acetamide 
(144) took place. 
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Efforts to avoid the acetamide formation by using different conditions (e.g ., 
altered concentrations of hydrogen fluoride, temperature or solvent), gave worse results 
than the previous methcxi. 
These results established that, with careful control of reaction conditions, a-
silylated hydrazines could be converted by a nitrogen-analogue of the Peterson 
olefination into the corresponding olefins. In order to examine the generality of the 
process, we therefore studied this reaction with 2-(2'-t-butyldimethylsilyl)-
acetylnaphthalene N ,N-dimethylhydrazone (146). 
C. From 2-(2 '-t-B utyldimethylsilyl)acetylnaphthalene 
N ,N -Dimethylhydrazone ( 146) 
2-Acetylnaphthalene was treated with N,N-dimethylhydrazine in the presence of 
acetic acid, 18 giving after recrystallisation 2-acetylnaphthalene N ,N-dimethylhydrazone 
(145) as a yellow solid in 90% yield. Its 1H-n.m.r. spectrum showed two singlet 
resonances due to the N ,N-dimethyl and the C-methyl groups at 8 2.67 and 2.49, 
respectively. The structure of the N ,N-dimethylhydrazone (145) was confirmed by its 
mass spectrum which showed a molecular ion at m/z 212 and fragment ions at m/z 197, 
respectively. 
(145) 
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Silylation of the a-lithiated anion derived from compound (145) with an excess 
of t-butyldimethylsilyl chloride in tetrahydrofuran gave after purification the t-
butylclimethylsilylated N ,N-dimethylhydrazone (146) as a yellow solid in 95% yield. 
Comparison of the 1H-n.m.r. spectrum of the t-butyldimethylsilylated N ,N-
dimethylhydrazone (146) with that of the starting N,N-dimethylhydrazone (145) 
indicated the presence of the t-butyldimethylsilyl protons at 8 0.91 (t-butyl) and -0.18 
(SiMe2), and the absence of the C-methyl protons which appeared at 8 2.49 in 1H-n.m.r. 
spectrum of the starting N ,N-climethylhydrazone (145). The resonance protons of the 
methylene group appeared at 82.61. Support for the structure (146) was obtained from 
its mass spectrum which showed a molecular ion at m/z 326. 
Treatment of compound (146) with catechol borane in ether yielded a crude 
product, the 1H-n.m.r. spectrum of which showed mainly the N ,N-dimethylhydrazine 
(14 7). 
( 147) 
/NMei 
HN 
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The presence of N ,N-dimethylhydrazine (147) was indicated by a multiplet resonance 
due to the methine proton which appeared at 8 4.12. The mass spectrum also showed a 
weak molecular ion 2 mass units higher than that of the starting material (146). The 
structure of the N ,N-dimethylhydrazine (147) was further confirmed by CI-m.s. which 
showed a protonated molecular ion at m/z 329. 
Based on our previous experience with the unstable N ,N-dimethylhydrazine 
products (136) and (142), the crude N ,N-dimethylhydrazine (147) was not purified but 
was immediately subjected to the elimination reaction. 
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Thus, the unpurified N,N-dimethylhydrazine (147) was treated with hydrogen 
fluoride in acetonitrile at 55-60 °C. Direct g.c. studies of the quenched elimination 
reaction showed that this elimination was complete within 2 hr. Analysed by g.c./m.s., 
the elimination solution contained mainly the expected 2-vinylnaphthalene (148), 
together with a small amount of 2-acetylnaphthalene resulting from the incomplete 
reduction of the N ,N-dimethylhydrazone (146). G.c. analysis, using t-butylbenzene as 
an internal standard, indicated that 2-vinylnaphthalene (148) was obtained in 70% yield. 
( 14 8) 
The structure for compound (148) was confirmed by comparison of the 1H-n.m.r. 
spectrum and g.c./mass spectral data of the crude product with those of an authentic 
sample. 
4.5 Conclusion and Outlook 
The work described in Section 4.3 demonstrates that increased steric hindrance at 
C-3 together with the adjacent negative charge on oxygen of the t-butyldimethylsilylated 
N ,N-dimethylhydrazone (125) directs ionisation to occur selectively and efficiently at C-
l, giving exclusively the hydrazone anion (113). Moreover, in the context of the 
misoprostol synthesis outlined in Chapter 3, Section 3.2, we have established that 1,4-
addition of the a-lithiated N ,N-dimethylhydrazone (113), the anion species required to 
provide the functionalised m side-chain, to 4-(t-butyldimethylsilyloxy)cyclopent-2-enone 
(80) is possible. Although the combined %yield of the diastereomers of the 1,4-adduct 
(130) is low (27% yield), possible improvements to the reaction include the use of 
triphenyltin chloride-hexamethylphosphoric triamide (see Chapter 3, Section 3.3.2) or 
the use of dimethylzinc as reported by Noyori et al.8 
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Our investigations described in Section 4.4 have shown that an approach to the 
introduction of the 13,14-trans olefinic bond (prostaglandin numbering) via the known 
Peterson olefination is impractical. The major obstacle is the failure to achieve the 
conversion of a t-butyldimethylsilylated N,N-dimethylhydrazone of the type (125) into 
the silylated ketone (134), a precursor of the /3-hydroxysilane (149), in high yield 
without concomitant loss of the silyl group. 
Reduction 
TBDMS TBDMS 
( 13 4) ( 14 9) 
However, the formation of olefinic functionality can be accomplished via the 
reduction-elimination approach. This efficient new approach involves reduction of an 
N,N-dimethylhydrazone to the corresponding N ,N-dimethylhydrazine, followed by 
elimination involving the adjacent t-butyldimethylsilyl substituent. Without involvement 
of the adjacent t-butyldimethylsilyl group, an elimination of N ,N-dimethylhydrazine 
functionality gives a mixture of olefins as observed in the reaction of l-(t-
butyldimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96) with concentrated sulfuric 
acid. It is clear that this two step reduction-elimination approach, in which the second 
step is effectively a nitrogen analogue of a Peterson olefination, provides a useful and 
shorter alternative to the three step hydrolysis, reduction, and Peterson olefination oft-
butyldimethylsilylated N ,N-dimethylhydrazones. In the context of the misoprostol 
synthesis outlined in Chapter 3, Section 3.2, we have shown that l-(t-
butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethylhydrazone (125), 
which is the branched chain hydrazone species required to provide the functionalised w 
side-chain, can be converted into the corresponding olefin (143) in high yield via this 
approach. Thus, we expect that the more complex t-butyldimethylsilylated N ,N-
dimethylhydrazone of the type (150) will be convertible into the protected misoprostol 
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(151), having the 13,14-trans olefinic functionality as required, by the reduction-
elimination approach. 
0 
COOMe 
()Rl 
TBDMS 
( 15 0) 
l Reductlon-Elimlnatlon 
0 
COOMe 
( 15 1) 
With regard to the proposed synthesis of misoprostol outlined in Chapter 3, 
Section 3.2, we have also established, as described in Chapter 3, that a-lithiated 
hydrazone anions can add preferentially 1,4 to cyclopent-2-enone rings without prior 
conversion into their cuprate derivatives, and that the resulting reactive enolate anions 
such as (75) can be efficiently alkylated. 
(7 S) 
_rrNMei 
N 
I 
The proposed misoprostol synthesis is a significant challenge. All of the 
intermediate compounds involved are oils and mixtures of isomers, giving rise to 
experimental difficulties in handling and in spectroscopic analysis. Several problems 
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have also been encountered in the planned reaction chemistry. Although we have not 
been able to finish the project due to the limited time available, we have established much 
of the fundamental chemistry which will be required for the synthetic approach to 
succeed. 
To complete effectively the proposed synthesis of misoprostol, further studies 
will be necessary which focuss primarily on increasing the yield of the 1,4-adduct (130), 
on achieving alkylation of the intermediate enolate of this 1 ,4-adduct (130) to obtain the 
dialkyl substituted cyclopentanone (150), and on introducing the 13, l 4-trans olefinic 
functionality into this substituted cyclopentanone (150). 
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EXPERIMENT AL 
158 
General Procedures 
Melting points were determined on a Reichert hostage microscope and are 
uncorrected. Microanalyses were carried out by the Australian National University 
Microanalytical Service. 
The infra-red spectrum was recorded on a Perkin Elmer 683 spectrophotometer. 
The sample was prepared as a solution in spectra-grade chloroform. 
1 H-n.m.r. spectra were recorded on Jeol JNM FX 200 and Gemini 300 
spectrometers operating at 200 MHz and 300 MHz, respectively. The 13C-n.m.r. 
spectrum was recorded on a Jeol JNM FX 200 at a frequency of 50.1 MHz. All n.m.r. 
spectra were recorded in deuterated chloroform; tetramethylsilane was usually used as an 
internal reference, except for compounds having trialkylsilyl groups, when the solvent 
signal (87.26 p.p.m.) was used as internal reference. Proton integrals listed for spectra 
of mixtures of isomers do not take account of the actual isomer ratio, but for simplicity 
are normalised to the equivalent of an equimolar mixture. Resonances are quoted in 
p.p.m. on the 1H-n.m.r. and 13C 8 scales, respectively. Multiplicities are abbreviated: s 
= singlet, d = doublet, t = triplet, q = quartet, m = multiplet and br = broad. 
Mass spectra were recorded on a V.G.-Micromass 7070F double-focussing mass 
spectrometer. Chemical ionisation (CI) mass spectra were recorded on the same 
instrument using ammonia as the reagent gas. High resolution mass measurements were 
obtained from an AEI MS 902 instrument. 
G.c. analyses were performed on a Varian 6000 gas chromatograph equipped 
with a Flame Ionisation Detector, using a 2 m x 1.5 mm glass column containing 3% 
OV -17 on Gaschrom Q (80-100 mesh) with helium as the carrier gas. The %yields of 
products, obtained from the reduction-elimination process, were calculated by using t-
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butylbenzene as an internal standard. G.c./m.s. analyses were performed on a Hewlett 
Packard 5970 mass spectrometer employing electron impact ionisation and a Hewlett 
Packard 5890 gas chromatograph, using a 12 m x 0.2 mm HP-1 capillary column with 
helium as the carrier gas. For g.c./m.s. analysis, temperature of the g.c. column was 
usually run from 50 °C to 200 °C at the rate of 10 °C/min, except for the solution 
obtained from the reduction-elimination process, when temperature of the g.c. column 
was run from 35 °C to 200 °C at the rate of 10 °C/min. 
All solvents used were distilled. Where necessary, solvents and reagents were 
purified and dried according to the procedures described by Perrin and co-workers. 1 
Triphenyltin chloride was dried under high vacuum at 110 °C for 6 hr prior to use. n-
Butyllithium as a solution in hexane was standardized by titration against 2,5-
dimethoxybenzyl alcohol.2 All organic extracts were dried over anhydrous magnesium 
sulphate, and solvents were removed in vacuo (ca. 22 mm Hg) on a rotary evaporator. 
Chromatography means flash column chromatography which was performed on 
Merck silica gel 60, 230-400 mesh. 
For thin-layer chromatography 0.25 mm Merck silica gel 60 F254 plates were 
used for analytical purposes and 0.50 mm plates for preparative work. Thin layer 
chromatograms were visualised under ultraviolet light or upon spraying with 13% 
vanillin in sulfuric acid, followed by heating at 200 °C. 
Buffered aqueous solutions referred to in oxidative hydrolyses (or periodate 
hydrolyses) were at pH 7 prepared from 0.1 M N¾HPO4 and 0.1 M NaH2PO4.2H2O in 
water. 
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Acetone N,N-dimethylhydrazone (63) 
A stirred mixture of acetone (18 g, 0.3 mole) and N,N-dimethylhydrazine (27 g, 
0.45 mole) was heated to reflux for 28 hr. After cooling, solid potassium hydroxide was 
added to induce the separation of two layers, the nonaqueous layer was separated and the 
treatment with solid potassium hydroxide was repeated until no aqueous layer separated. 
Distillation of the resulting solution under argon gave acetone N,N-dimethylhydrazone 
(63) (16 g, 52%) as a colourless oil, b.p. 92 °C in agreement with literature reported3 
(Found: C, 59.8; H, 12.2. C5H 12N2 requires C, 60.0; H 12.1 %). 1H-n.m.r. 8 2.40, 
s, 6H, N(CH3)2; 1.94, s, 3H, CH3; 1.90, s, 3H, CH3. Mass spectrum: mlz 100 (M+, 
39%), 85 (10), 56 (49), 45 (34), 44 (100), 43 (25). 
3-(2 '-Oxopropyl)cyclohexan-1-one (66) and 
1-(2 '-oxopropyl)cyclohex-2-en-1-ol (67) 
To a tetrahydrofuran solution ( 1.5 ml) of freshly prepared lithium 
diisopropylamide (56 mg, 0.55 mmole) was added, dropwise with stirring, acetone 
N ,N-dimethylhydrazone (63) (50 mg, 0.5 mmole) at 0 °C under argon. After 30 min, 
the reaction solution was cooled to -65 °C and treated with cyclohex-2-enone (53 mg, 
0.55 mmole ). The mixture was stirred for 1 hr at -65 °C, then quenched with water and 
extracted with dichloromethane. The organic extracts were dried and the solvent was 
evaporated to give a crude yellow oil (89 mg). 
The crude oil (89 mg), dissolved in 10% aqueous acetone (2.2 ml), was treated 
with acetic acid (0.1 ml) at room temperature. After being stirred for 4 hr, the reaction 
mixture was poured into water and extracted with dichloromethane. The combined 
extracts were washed with water, dried and the solvent was evaporated to yield a yellow 
oil. Chromatography of the crude oil in dichloromethane/ethyl acetate (4:1) afforded the 
diketone (66) (18 mg, 23%) and the hydroxy-olefin (67) (15 mg, 20%) as yellow oils. 
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3-(2 '-Oxopropyl)cyclohexan-1-one (66) 
1H-n.m.r. 8 2.50-1.20, m, 1 lH, 9 ring protons and 2 x H-1 '; 2.14, s, 3H, 
COCH3. Mass spectrum (cf. lit.4): m/z 154 (M+, 12%), 139 (6), 111 (19), 97 (100), 83 
( 40), 69 (21), 59 (10). 
1-(2 '-Oxopropyl)cyclohex-2-en-1-ol (67) 
1H-n.m.r. 8 5.85-5.75, m, lH, H-3; 5.65, d, J 12.0 Hz, lH, H-2; 3.75, brs, 
lH, OH; 2.74, d, J 17.1 Hz, lH, H-1'; 2.65, d, J 17.1 Hz, lH, H-1'; 2.19, s, 3H, 
COCH3; 2.05-1.55, m, 6H, (CH2)3 of the ring. Mass spectrum: m/z 154 (M+, 0.6%), 
136 (3), 126 (23), 111 (8), 97 (97), 79 (68), 68 (100), 59 (7). 
3-(2 '-Oxopropyl)cyclopentan-1-one (70) 
A. Acetone N ,N-dimethylhydrazone (63) (50 mg, 0.5 mmole) was added to a 
tetrahydrofuran solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole, 1.5 ml) at O °C under argon. After being stirred for 30 min, the reaction mixture 
was immediately cooled to -65 °C, and then treated with cyclopent-2-enone (45 mg, 0.55 
mmole). Stirring was continued at this temperature for 1 hr. Thereafter, the reaction 
mixture was quenched with water, and extracted with dichloromethane. The combined 
organic phases were dried and the solvent was evaporated to give a crude residue (85 
mg) as a yellow oil. 1 H-n.m.r. analysis of the mixture of the 1 ,4- N ,N-
dimethy/hydrazone adduct (68) and the 1,2- N,N-dimethylhydrazone adduct (69) 
indicated the ratio of the two compounds was approximately 4.5: 1, as determined by 
comparing the integrals of the N ,N-dimethyl protons at 8 2.38 and 2.48, respectively. 
Chromatography of the crude mixture in ethyl acetate afforded the pure 1,4-adduct (68) 
and the pure 1,2-adduct (69) in 3-5% yields. 
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The pure 1,4-adduct (68) was obtained as a yellow oil (Found: M+, 182.1419. 
C10H 18N20 requires M+, 182.1419). 1H-n.m.r. 8 2.38, s, 6H, N(CH3)2; 1.99, s, 3H, 
CH3C=N; 2.60-1.60, m, 9H, CH2C=N and 7 ring protons. Mass spectrum: m/z 182 
(M+, 43%), 100 (100). 
The pure 1,2-adduct (69) was obtained as a yellow oil (Found: M+, 182.1419. 
C1ofi 18N20 requires M+, 182.1419). 1H-n.m.r. 8 5.85, m, 2H, H-2 and H-3; 2.48, s, 
6H, N(CH3)2; 1.99, s, 3H, CH3C=N; 2.60-1.90, m, 6H, CH2C=N and 4 ring protons. 
Mass spectrum: m/z 182 (M+, 9%), 164 (5), 100 (100). 
To a stirred mixture of the crude unstable N ,N-dimethylhydrazones (68) and 
(69) (85 mg) in 10% aqueous acetone (5 ml) was added acetic acid (0.15 ml) at room 
temperature. After stirring for 1.5 hr, the mixture was poured into water and extracted 
with dichloromethane. The dichloromethane extracts were washed with water, dried and 
concentrated to dryness. The crude mixture was chromatographed. Elution with 
dichloromethane/ethyl acetate (8:1) afforded only the diketone (70) (13 mg, 19%) as a 
yellow oil. v max 1750s, 1725s cm- 1. 1H-n.m.r. 8 2.62-2.21, m, 7H, 3 x CH2CO and 
1 x CH; 2.17, s, 3H, COCH3; 1.85-1.50, m, 2H, CH2. Mass spectrum (cf. lit.4): ml z 
140 (M+, 0.9%), 125 (2), 112 (5), 97 (4), 83 (55), 82 (53), 58 (22), 55 (22), 43 (100). 
B. Hexamethylphosphoric triamide (HMPA): An ice-cooled solution of 
freshly prepared lithium diisopropylamide (60 mg, 0.6 mmole) in dry tetrahydrofuran 
(2.5 ml) was added with stirring to a mixture of acetone N ,N-dimethylhydrazone (63) 
(50 mg, 0.5 mmole) and hexamethylphosphoric triamide (134 mg, 0.75 mmole) in dry 
tetrahydrofuran (2.5 ml) at O °C under argon. After 30 min, the mixture was 
immediately cooled to -65 °C and cyclopent-2-enone (49 mg, 0.6 mmole) was added. 
The reaction mixture was stirred at this temperature for 1 hr and then quenched with 
saturated aqueous ammonium chloride. After extraction with dichloromethane, the 
combined extracts were washed successively with water, dried and concentrated to 
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dryness to yield a crude yellow oil (30 mg). 1H-n.m.r. analysis of the crude oil indicated 
that the 1,4-addition was favoured, giving the 1,4- N,N-dimethylhydrazone adduct (68) 
as the major product and the 1,2- N,N-dimethylhydrazone adduct (69) as the minor 
product in a ratio of about 4: 1. 
C. Trimethylsilyl chloride: 5 To a solution of freshly prepared lithium 
diisopropylamide (110 mg, 1.1 mmole) in tetrahydrofuran (3.5 ml) was added, 
dropwise, acetone N ,N-dimethylhydrazone (63) (100 mg, 1 mrnole) at 0 °C under 
argon. After stirring for 30 min, the solution was immediately cooled to -65 °C, and 
treated with cyclopent-2-enone (99 mg, 1.2 mrnole) and trimethylsilyl chloride (130 mg, 
1.2 mmole), respectively. The mixture was stirred for 1 hr at -65 °C, then quenched 
with water and extracted with dichloromethane. Evaporation of the solvent of the dried 
extracts yielded a crude yellow oil (190 mg). Analysis of the crude oil by 1H-n.m.r. 
spectroscopy indicated the same result as those of the previous reactions. 
D. Hexamethylphosphoric triamide and trimethylsilyl chloride: 6 To a 
mixture of acetone N,N-dimethylhydrazone (63) (50 mg, 0.5 mmole) and 
hexamethylphosphoric triamide (179 mg, 1 mmole) in tetrahydrofuran (1 ml) was added, 
dropwise, an ice-cooled tetrahydrofuran solution (1 ml) of freshly prepared lithium 
diisopropylamide (56 mg, 0.55 mrnole) at 0 °C under argon. After stirring for 30 min, a 
mixture of cyclopent-2-enone (49 mg, 0.6 mmole) and trimethylsilyl chloride (108 mg, 1 
mrnole) in tetrahydrofuran (1 ml) was added to the solution containing the a-lithiated 
N ,N-dimethylhydrazone (64) at -65 °C via a double ended needle. The mixture was 
stirred for 1 hr at this temperature and then treated with triethylamine (70 mg, 0.7 
mrnole). After 40 min, the reaction mixture was quenched with saturated aqueous 
ammonium chloride and extracted with ethyl acetate. The ethyl acetate extracts were 
washed successively with water and dried. Evaporation of the solvent of the dried 
extracts afforded a yellow oil which, upon chromatography in ethyl acetate, gave the 
dike tone (70) (30 mg, 43%) as a yellow oil. 
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E. Copper (I) iodide (Cul) and tri-n-butylphosphine (n-Bu3P): 7 Tri-n-
butylphosphine (263 mg, 1.3 mmole) was added to a stirred solution of copper (I) iodide 
(95 mg, 0.5 mmole) in dry ether (3 ml) under argon. The suspension was further stirred 
at room temperature until giving a clear solution. Concurrently, acetone N ,N-
dimethylhydrazone (63) (50 mg, 0.5 mmole) was added, dropwise with stirring, to a 
tetrahydrofuran solution (1.5 ml) of freshly prepared lithium diisopropylamide (56 mg, 
0.55 mmole) at 0 °C under argon. After 30 min, the solution containing the a-lithiated 
N,N-dimethylhydrazone (64) was added to the solution of Cul-n-Bu3P via a double 
ended needle at -65 °C. After stirring this mixture for 15 min at -65 °C, cyclopent-2-
enone (45 mg, 0.55 mmole) was added. The mixture was stirred for 1 hr at this 
temperature and quenched with saturated aqueous ammonium chloride, then extracted 
with ether. The combined ether extracts were dried and concentrated to dryness to give a 
crude yellow oil (60 mg). 1H-n.m.r. analysis of the crude oil indicated mainly the 1,2-
N,N-dimethylhydrazone (69). 
2-( E thoxycarbonylmethyl)-3-(2 '-oxopropyl)cyclopentan-1-one (77) 
A. To a stirred solution of freshly prepared lithium diisopropylamide (50 mg, 0.5 
mmole) in tetrahydrofuran (1.5 ml) was slowly added acetone N,N-dimethylhydrazone 
(63) (50 mg, 0.5 mmole) at 0 °C under argon. After being strirred for 30 min, the 
reaction mixture was immediately cooled to -65 °C and then treated with cyclopent-2-
enone (45 mg, 0.55 mmole). After 1 hr, the solution was warmed to -40 °C and ethyl 
bromoacetate (100 mg, 0.6 mmole) was added. The reaction mixture was immediately 
warmed to 0 °C. The stirring was continued for 2 hr at this temperature, and for an 
additional 15 hr at room temperature. The resulting solution was then quenched with 
saturated ammonium chloride solution and extracted with dichloromethane. Evaporation 
of the dried extract solution gave a crude residue (100 mg) as a yellow oil. The 1H-
n.m.r. spectrum of the mixture of the dialkylated N,N-dimethylhydrazone (76) and the 
1,2- N,N-dimethylhydrazone adduct (69) showed significant resonances 8 5.85, m, 2H, 
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H-2 and H-3 of the 1,2-adduct; 4.12, q, J 7.1 Hz, 2H, OCH2 of the dialkylated product, 
2.47, s, 6H, N(CH3) 2 of the 1 ,2-adduct; 2.45, s, 6H, N(CH3) 2 of the dialky lated 
product; l.99, s, 3H, CH3C=N of the 1 ,2-adduct; 1.96, s, 3H, CH3C=N of the 
dialkylated product; 1.26, t, J 7 .1 Hz, 3H, OCHiCH3 of the dialkylated product. 
Acetic acid (0.15 ml) was slowly added to a stirred solution of the crude mixture 
(69 and 76) (100 mg) in 10% aqueous acetone (5 ml) at room temperature. After being 
stirred for 3 hr, the mixture was poured into water and extracted with dichloromethane. 
The organic layer was dried and the solvent was evaporated to yield a crude brown oil 
which was purified by chromatography in dichloromethane/ethyl acetate (16: 1) to give 
the dialkylated cyclopentanone (77) (28 mg, 12%) as a yellow oil (Found: M+, 
226.1206; M+-OC2H5, 181.0865. C12H 180 4 requires M+, 226.1205; M+-OC2H5, 
181.0865). 1H-n.m.r. 8 4.13, q, 17.1 Hz, 2H, OCH2; 2.85-2.20, m, 8H, 3 x CH2CO 
and 2 x CH; 2.16, s, 3H, COCH3; 1.85-1.32, m, 2H, CH2; 1.26, t, I 7 .1 Hz, 3H, 
CH2CH3. Mass spectrum: m/z 226 (M+, 4%), 181 (27), 169 (46), 168 (34), 153 (14), 
139 (32), 123 (100), 109 (17), 95 (37), 83 (27), 67 (16). 
B. Hexamethylphosphoric triamide and triphenyltin chloride: 8 To a 
stirred solution of acetone N ,N-dimethylhydrazone (63) (50 mg, 0.5 mmole) in 
tetrahydrofuran (2.5 ml) containing hexamethylphosphoric triamide (134 mg, 0.75 
mmole), was slowly added a solution of freshly prepared lithium diisopropylamide (60 
mg, 0.6 mmole) in tetrahydrofuran (2.5 ml) at O °C under argon. After 30 min, the 
solution was immediately cooled to -65 °C, and then treated with cyclopent-2-enone (45 
mg, 0.55 mmole) and solid triphenyltin chloride (193 mg, 0.5 mmole), respectively. 
After being stirred for 1 hr at -65 °C, the reaction mixture was wanned to -40 °C and 
treated with ethyl bromoacetate (100 mg, 0.6 mmole). Thereafter, the solution was 
warmed to O °C, stirring was continued for 2 hr at this temperature and for a further 15 
hr at room temperature. It was then quenched with saturated aqueous ammonium 
chloride solution and extracted with ether. The combined ether extracts were dried and 
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the solvent was evaporated. The crude brown oil was analysed by g.c./m.s. which 
indicated clean formation of the dialkylated N ,N -dimethylhydrazone (76) and its 
retention time was 13.85 min. G.c./mass spectrum: m/z 268 (M+, 5%), 223 (13), 181 
(5), 124 (14), 100 (100), 58 (61), 44 (60). However, the attempted separation of the 
hydrazone product (76) from a tin-containing by-product was not successful. In 
addition, no trace of the 1,2-adduct (69) was detectable, as judged by 1H-n.m.r. 
spectroscopy. 
C. Hexamethylphosphoric triamide and tributyltin chloride: The 
foregoing reaction was repeated using hexamethylphosphoric triamide (134 mg, 0.75 
mmole) together with tributyltin chloride (163 mg, 0.5 mmole) to assist the conjugate 
addition and the alkylation steps. A worse result was obtained from this tandem 
addition-alkylation, as judged by the increased complexity of the g.c. trace, although the 
dialkylated N,N-dimethylhydrazone (76) was still the major component. Also, the 
separation of the hydrazone product (76) from a tributyltin by-product could not be 
achieved. 
D. N ,N'-Dimethyl-N ,N'-propylene urea (DMPU)9 and triphenyltin 
chloride: To a stirred solution of a-lithiated acetone N ,N-dimethylhydrazone (64) (50 
mg, 0.5 mmole), obtained from acetone N,N-dimethylhydrazone (63) and lithium 
diisopropylamide, in tetrahydrofuran (1.5 ml) was added N ,N'-dimethyl-N ,N'-propylene 
urea at -65 °C under argon { DMPU :tetrahydrofuran = 2: 1 (V N)}. After 20 min, 
cyclopent-2-enone (45 mg, 0.55 mmole) and triphenyltin chloride (193 mg, 0.5 mmole) 
were added sequentially and the mixture was then stirred for 1 hr at this temperature. 
The mixture was warmed to -40 °C, followed by treatment with ethyl bromoacetate (100 
mg, 0.6 mmole). The mixture was immediately warmed to 0 °C, stirred for 1 hr at this 
temperature and then for 15 hr at room temperature. Following the work-up as described 
previously, a crude brown oil was obtained and analysed by g.c. which indicated a 
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mixture of compounds having the dialkylated cyclopentanone (76) as the major 
component. 
3-(2 '-Oxopropyl)-4-t-butoxycyclopentan-l-one (83) and 
1-(2 '-oxopropyl)-4-t-butoxycyclopent-2-en-l-ol (84) 
A. To a stirred solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole) in tetrahydrofuran (1.5 ml) was added, dropwise, acetone N ,N-
dimethylhydrazone (63) (50 mg, 0.5 mmole) at O °C under argon. After 30 min, the 
reaction solution was immediately cooled to -65 °C and then treated with a 
tetrahydrofuran solution (0.1 ml) of 4-t-butoxycyclopent-2-enone (85 mg, 0.55 mmole). 
The mixture was stirred for 3 hr, then quenched with saturated aqueous ammonium 
chloride and extracted with dichloromethane. The dried extract was concentrated to 
dryness and the crude mixture ( 109 mg) was obtained as a brown oil. 
The crude brown oil ( 109 mg), dissolved in 10% aqueous acetone (5 ml), was 
treated with acetic acid (0.15 ml) at room temperature. After stirring for 3.5 hr, the 
reaction mixture was added to water and extracted with dichloromethane. The organic 
layer was washed with water and dried. Evaporation of the dried extract solution gave a 
crude brown oil. Chromatography of the brown oil in dichloromethane/ethyl acetate 
(10:1) afforded the diketone (83) (13 mg, 12%) and the hydroxy-olefin (84) (8 mg, 8%) 
as yellow oil. 
3-(2 '-Oxopropy/)-4-t-butoxycyc/opentan-1-one (83) 
(Found: M+-C4H9, 155.0710. C12H200 3 requires M+-C4H9, 155.0708). 1H-
n.m.r. 8 3.86, dd, J 15.0 and 8.2 Hz, lH, H-4; 2.89-2.10, m, 6H, 3 x CH2CO; 2.18, 
s, 3H, COCH3; 1.90-1.70, m, lH, H-3; 1.20, s, 9H, C(CH3)3. Mass spectrum: mlz 
168 
155 (M+-57, 20%), 139 (14), 138 (21), 97 (11 ), 95 (15), 84 (18), 71 (1 5), 57 (1 00), 43 
(81 ). 
1-(2 '-Oxopropy/)4-t-butoxycyclopent-2-en-1-ol (84) 
(Found: M+-C3H60, 154.0998; M+-C4H 100, 138.0686. C12H200 3 requires 
M+-C3H60, 154.0994; M+-C4H 100, 138.0681). 1H-n.m.r. 8 5.89, d, J 6.0 Hz, lH, 
H-2; 5.78, dd, J 6.0 and 2.0 Hz, lH, H-3; 4.50, m, lH, H-4; 2.72, s, 2H, 2 x H-1 '; 
2.42, dd, J 14.0 and 6.0 Hz, lH, H-5; 2.20, s, 3H, COCH3; 1.84, dd, J 14.0 and 5.6 
Hz, lH, H-5; 1.21, s, 9H, C(CH3) 3. Mass spectrum: mlz 212 (M+, 0.8%), 155 (3 ), 
154 (8), 139 (32), 138 (20), 121 (6), 98 ( 41 ), 81 (100), 57 (96), 43 (69). 
B . This procedure was repeated under various conditions for the addition step and 
the ratios of the diketone (83) to the hydroxy-olefin (84) were different as shown; 
1. 
2. 
Reaction Conditions 
-65 °C,l hr 
-65 °C, 3 hr 
%Recovery* Ratio of the 1 .4- (83) 
to the 1.2-Adducts (84) ** 
3. 0 °C, 3 hr 
90 
85 
87 
87 
3.2: 1.0 
2.4:1.0 
2.1:1.0 
1.0:2.0 4. -65 °C (7 hr), 0 °C (14 hr) 
* Mass recovered expressed as a percentage of the theoretical yield of a mixture of 
the 1,4-adduct (83) and the 1,2-adduct (84) obtained over the combined 
addition and hydrolysis steps. 
** The ratio of the 1,4-adduct (83) to the 1,2-adduct (84) was analysed by g.c. 
(temperature of the g.c. column was run from 50 °C to 250 °C at the rate of 
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10 °C/min). The retention times of the 1 ,4-adduct (83) and the 1,2-adduct 
(84) were 10.1 and 8.6 min, respectively. 
Octan-2-one N ,N -dimethylhydrazone (85) 
A stirred mixture of octan-2-one (38 g, 0.3 mole) and N ,N-dimethylhydrazine 
(27 g, 0.45 mole) was heated under reflux conditions for 2 days. After cooling, the 
mixture was treated with solid sodium hydroxide until no aqueous layer separated. The 
crude product was purified by distillation under argon to give octan-2-one N,N-
dimethylhydrazone (85) 10 (38 g, 75%) as a yellow oil, b.p. 110 °C/9 mm (Found: C, 
70.5; H, 13.0. C10H 22N2 requires C, 70.5; H, 13.0%). 1H-n.m.r. 8 2.43, 2.40, s, 
6H, N(CH3) 2-£/Z; 2.19, brt, I 7.8 Hz, 2H, CH2C=N; 1.94, 1.91, s, 3H, CH3C=N-
£/Z; 1.60-1.20, m, 8H, (CH2) 4CH3 ; 0.88, t, J 6.8 Hz, 3H, CH2CH3 ; E:Z = 4.5:1. 
Mass spectrum: mlz 170 (M+, 14%), 126 (3), 113 (6), 100 (39), 85 (7), 70 (11), 58 
(61), 44 (100). 
Nonan-3-one N,N-dimethylhydrazone (97) 
To a stirred solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole) in dry tetrahydrofuran (2.5 ml) was added, dropwise, octan-2-one N,N-
dimethylhydrazone (85) (85 mg, 0.5 mmole) at 0 °C under argon. After 1.5 hr, the 
mixture was immediately cooled to -65 °C and then treated with methyl iodide (142 mg, 
1 mmole). After being stirred for 1 hr, the mixture was wanned to 0 °C within 1.5 hr 
and stirred at this temperature for an additional 16 hr. Then, the reaction mixture was 
quenched with water and extracted with dichloromethane. The dichloromethane extracts 
were dried and concentrated to dryness to give a crude residue (85 mg) as a yellow oil 
and a small amount of a yellow precipitate. 1H-n.m.r. and g.c. analysis indicated that 
nonan-3-one N,N-dimethy/hydrazone (97) was formed in 53% yield, together with 41 % 
yield of the parent octan-2-one N ,N-dimethylhydrazone (85) . 1H-n.m.r. of the mixture 
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showed significant resonances 8 2.41, s, 6H, N(CH3)2 of the octan-2-one (85); 2.38, s, 
6H, N(CH3)2 of the nonan-3-one (97); 1.91, s, 3H, CH3C=N of the octan-2-one (85); 
1.05, t, J 7 .8 Hz, 3H, CH3-1 of the nonan-3-one (97); 0.88, t, J 7 .0 Hz, 6H, CH3-8 of 
the octan-2-one (85) and CH3-9 of the nonan-3-one (97). G.c./mass spectrum of the 
nonan-3-one (97): m/z 184 (M+, 31%), 140 (14), 114 (31), 84 (16), 72 (47), 60 (25), 
44 (100). The nonan-3-one (97) appeared as two isomers on a g.c./m.s. column with 
the retention times 6.63 and 6.84 min. The octan-2-one (85) also appeared as two 
isomers on a g.c./m.s. column, in agreement with the 1H-n.m.r. spectrum described 
previously (see pp. 169), with the retention times 5.70 and 5.88 min, and their g.c./m.s. 
fragmentation patterns were identical to that mentioned previously (see pp. 169). 
3-(2 '-0 xooctyl)-4-t-butoxycyclopentan-1-one ( 89) and 
1-(2 '-oxooctyl)-4-t-butoxycyclopent-2-en-1-ol (90) 
A. To a solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 mmole) 
in dry tetrahydrofuran (1.5 ml) was added, dropwise with stirring, octan-2-one N ,N-
dimethylhydrazone (85) (85 mg, 0.5 mmole) at 0 °C in an atmosphere of argon. After 
1.5 hr, the resulting solution was immediately cooled to -65 °C. A solution of 4-t-
butoxycyclopent-2-enone (85 mg, 0.55 mmole) in tetrahydrofuran (0.1 ml) was then 
added and the mixture was stirred for an additional 5 hr. The reaction mixture was 
quenched with saturated aqueous ammonium chloride and extracted with 
dichloromethane. The organic phase was dried and concentrated to dryness to give a 
crude yellow oil (162 mg). 
To a solution of the crude oil (162 mg), dissolved in methanol (7.3 ml), was 
added at room temperature aqueous phosphate buffer (1.6 ml) and aqueous sodium 
periodate ( 428 mg, 2 mmole, 3.2 ml), respectively .11 After stirring for 24 hr, a 
precipitate of sodium iodate was removed by filtration . The filtrate was dried and the 
solvent was evaporated. Chromatography of the crude oil in dichloromethane/ethyl 
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acetate (8: 1) afforded the diketone (89) (10 mg, 7%) and the hydroxy-olefin (90) (11 
mg, 8 % ) as yellow oils. 
3-(2 '-Oxooctyl)-4-t-butoxycyclopentan-l-one (89) 
(Found: M+-C4H9, 225.1492. C17H300 3 requires M+-C4H9, 225.1491). 1H-
n.m.r. 8 3.85, dd, J 15.0 and 8.1 Hz, lH, H-4; 2.91-2.10, m, 8H, 2 x CH2COCH2; 
1.88-1.70, m, 1 H, H-3; 1.65-1.25, m, 8H, (CH2)4CH3; 1.19, s, 9H, C(CH3)3; 0.88, t, 
J 6.7 Hz, 3H, CH2CH3. Mass spectrum: mlz 225 (M+-57, 19%), 209 (5), 208 (4), 169 
(3), 156 (6), 141 (9), 113 (34 ), 95 (25), 85 (15), 71 (12), 57 (100), 42 (69). 
1-(2 '-Oxooctyl)-4-t-butoxycyclopent-2-en-l-ol (90) 
(Found: M+-C4H9, 225.1492. C17H300 3 requires M+-C4H9, 225.1491). 1H-
n.m.r. 8 5.88, d, J 5.6 Hz, lH, H-2; 5.77, dd, J 5.6 and 1.9 Hz, lH, H-3; 4.50, m, 
lH, H-4; 3.5, brs, lH, OH; 2.69, s, 2H, 2 x H-1'; 2.46-2.33, m, 3H, 2 x H-3' and H-
5; 1.82, dd, J 13.8 and 4.8 Hz, lH, H-5; 1.65-1.25, m, 8H, (C8i)4CH3; 1.20, s, 9H, 
C(CH3)3; 0.88, t, J 6.7 Hz, 3H, CH2CH3. Mass spectrum: m/z 225 (M+-57, 3%), 113 
(41), 85 (15), 57 (100), 43 (74). 
B . This procedure was repeated under various conditions for the addition step. 
Analysed by 1H-n.m.r. spectroscopy, the ratios of the diketone (89) to the hydroxy-
olefin (90) obtained were different as shown below; 
Reaction Conditions %Recovery* Ratio of the 1.4- (89) 
to the 1.2-Adducts C9Q) ** 
1. -65 °C, 5 hr 90 2.0:1.0 
2. 0 °C, 5 hr 90 1.0:1.0 
3. -65 °C to O °C, 19 hr 82 only the 1,2-adduct (90) 
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* Mass recovered expressed as a percentage of the theoretical yield of a mixture of 
the 1 ,4-adduct (89) and the 1,2-adduct (90) obtained over the combined 
addition and hydrolysis steps. 
** The ratio of the 1 ,4-adduct (89) to the 1,2-adduct (90) was determined by 
comparing the integrals of the two C-4 protons at 8 3.85 and 4.50, 
respectively, in the 1H-n.m.r. spectrum of the mixture. 
3-(2 '-Oxooctyl)-4-(t-butyldimethylsilyloxy )cyclopentan-1-one (93) 
and 1-(2 '-oxooctyl)-4-(t-butyldimethylsilyloxy )cyclopent-2-en-1-ol 
(94) 
A. Octan-2-one N ,N-dimethylhydrazone (85) (85 mg, 0.5 mmole) was added, 
dropwise, to a stirred solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole) in dry tetrahydrofuran (2.5 ml) at O °C in an atmosphere of argon. The mixture 
was stirred at O °C for 1.5 hr and then cooled to -65 °C. To a cooled mixture was slowly 
added a tetrahydrofuran solution (0.2 ml) of 4-(t-butyldimethylsilyloxy)cyclopent-2-
enone (92 mg, 0.6 mmole). The reaction mixture was stirred for 21 hr at this 
temperature, then quenched with saturated aqueous ammonium chloride and extracted 
with dichloromethane. The dichloromethane extracts were dried and the solvent was 
evaporated to give a crude residue (185 mg). 
A solution of the crude residue (185 mg) in methanol (7.3 ml) and aqueous 
phosphate buffer (1.6 ml) was treated with aqueous sodium periodate (428 mg, 2 
mmole, 3.2 ml) at room temperature. 11 The mixture was stirred for 18 hr and then 
worked up as described previously (see pp. 170). The crude material obtained was 
loaded onto a chromatography column. Elution with dichloromethane/ethyl acetate (16:1) 
afforded the diketone (93) (20 mg, 12%) and the hydroxy-olefin (94) (25 mg, 15%) as 
yellow oils. 
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3-(2 '-Oxooctyl)-4-(t-butyldimethylsilyloxy )cyclopentan-1-one (93) 
(Found: M+-C4H9, 283.1730. C 19H360 3Si requires M+-C4H9, 283.1729). 1H-
n.m.r. 8 4.10, dd, J 12.9 and 6.5 Hz, lH, H-4; 2.81-2.08, m, 8H, 2 x CH2COCH2; 
1.80-1.72, m, lH, H-3; 1.65-1.20, m, 8H, (CH2)4CH3; 0.87, brs, 12H, SiC(CH3) 3 
and CH2CH3; 0.07, s, 6H, Si(CH3) 2. Mass spectrum: mlz 325 (M+-15, 0.7%), 283 
(38), 185 (36), 155 (8), 127 (13), 113 ( 18), 85 (18), 7 5 ( 100), 57 (22), 44 (8). 
1-(2 '-Oxooctyl)-4-(t-butyldimethylsilyloxy )cyclopent-2-en-1-ol (94) 
(Found: M+-C4H9, 283.1729. C19H360 3Si requires M+-C4H9, 283.1729). 1H-
n.m.r. 8 5.89, d, J 5.5 Hz, lH, H-2; 5.81, dd, J 5.6 and 1.5 Hz, lH, H-3; 4.70, m, 
lH, H-4; 2.66, s, 2H, 2 x H-1 '; 2.45-2.32, m, 3H, 2 x H-3' and H-5; 1.84, dd, J 14.4 
and 3.3 Hz, 1 H, H-5; 1.62-1.20, m, 8H, (CH2)4CH3; 0.88, brs, 12H, SiC(CH3)3 and 
CH2CH3; 0.07, s, 6H, Si(CH3) 2. Mass spectrum: m/z 340 (M+, 1.4%), 325 (4), 283 
(90). 
B . The above reaction was repeated. In this case, the addition reaction of a-lithiated 
anion, derived from octan-2-one N,N-dimethylhydrazone (85), with 4-(t-butyl-
dimethylsilyloxy)cyclopent-2-enone proceeded for 6.5 hr at -65 °C and then for 14.5 hr 
at O °C. 1H-n.m.r. analysis of the crude residue resulting from oxidative hydrolysis, 
indicated mainly the hydroxy-olefin (94). 
Reaction Conditions %Recovery* Ratio of the I .4- (93) 
to the 1.2-Adducts {94) ** 
1. -65 °C, 21 hr 97 1.0:1.0 
2. -65 °C (6.5 hr), 0 °C (14.5 hr) 90 only the 1,2-adduct (94) 
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* Mass recovered expressed as a percentage of the theoretical yield of a mixture of 
the 1 ,4-adduct (93) and the 1,2-adduct (94) obtained over the combined addition 
and hydrolysis steps. 
** The ratio of the 1 ,4-adduct (93) to the 1,2-adduct (94) was determined by 
comparing the integrals of the two C-4 protons at 8 4.10 and 4.70, 
respectively, in the 1H-n.m.r. spectrum of the mixture. 
1-Trimethylsilyloctan-2-one N ,N -dimethylhydrazone (95) 
Octan-2-one N,N-dimethylhydrazone (85) (3.4 g, 20 mmole) was added, 
dropwise, to a stirred solution of lithium diisopropylamide (2.2 g, 22 mmole) in dry 
tetrahydrofuran (50 ml) at O °C in an atmosphere of argon. After 1.5 hr, the reaction 
mixture was immediately cooled to -65 °C and treated with an excess of trimethylsilyl 
chloride (2.8 g, 26 mmole). 12 The reaction mixture was then warmed to O °C within 3.5 
hr. The resulting solution was quenched with water and extracted with dichloromethane. 
Evaporation of the solvent of the dried extract afforded a crude product which was 
purified by distillation under argon to give l-trimethylsilyloctan-2-one N,N-
dimethylhydrazone (95) (3.9 g, 80%) as a yellow oil, b.p. 134-135 °C/7 mm (Found: 
C, 64.3; H, 12.4. C13H 30N2Si requires C, 64.4; H, 12.5%). 1H-n.m.r. 8 2.34, s, 
6H, N(CH3)2; 2.10, t, J 8.0 Hz, 2H, 2 x H-3; 2.00, s, 2H, C1½Si; 1.55-1.20, m, 8H, 
(CH2)4CH3; 0.88, t, J 6.8 Hz, 3H, CH2CH3; 0.08, s, 9H, Si(CH3)3. Mass spectrum: 
mlz 242 (M+, 15%), 227 (7), 198 (7), 185 (4), 172 (10), 129 (11), 114 (42), 102 (35), 
73 (99), 59 (25), 44 (100). 
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2-Trimethylsilylnonan-3-one N,N-dimethylhydrazone (98) and 
1-trimethylsilyl-3-methyloctan-2-one N ,N -dimethylhydrazone (99) 
To a stirred solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole) in dry tetrahydrofuran (2.5 ml) was added, dropwise, 1-trimethylsilyloctan-2-
one N ,N-dimethylhydrazone (95) (121 mg, 0.5 mmole) at -65 °C under argon. After 5 
min, the mixture was immediately warmed to 0 °C and stirred for 2 hr. The resultant 
solution was then cooled to -65 °C and treated with methyl iodide (142 mg, 1 mmole) . 
After being stirred for 1.5 hr, the mixture was allowed to warm to 0 °C within 2 hr and 
stirring was continued at this temperature for an additional 17 hr. The reaction mixture 
was quenched with water, extracted with dichloromethane, then dried and the solvent 
was evaporated. The crude residue (110 mg) obtained was analysed by g.c. and 
g.c./m.s. which indicated a mixture of the ] -methylated N,N-dimethylhydrazone (98) 
(52%) and the 3-methylated N,N-dimethylhydrazone (99) (24%). 1H-n.m.r. of the 
mixture showed significant resonances 8 2.33, s, 12H, 2 x N(CH3)2 of the ]-methylated 
and the 3-methylated; 1.14, d, J 7.4 Hz, 3H, CH3-3' of the 3-methylated; 0.96, d, J 7.4 
Hz, 3H, CH3-1 of the ]-methylated; 0.85, t, I 6.8 Hz, 6H, 2 x CH2CH3 of the ] -
methylated and the 3-methylated; 0.01, s, 18H, 2 x Si(CH3)3 of the ]-methylated and the 
3-methylated. Analysed by g.c./m.s., the retention times of the two isomers of the ] -
methylated (98) were 9.81 and 10.12 min while those of the two isomers of the 3-
methylated (99) were 9.50 and 9.63 min. In each case, the g.c./m.s. fragmentation 
patterns of the two stereoisomers were identical. G .c./mass spectrum of the 1 -
methylated (98): m/z 256 (M+, 28%), 241 (6), 212 (4), 184 (45), 117 (43), 102 (91), 73 
(1()()), 43 (21). G.c./mass spectrum of the 3-methylated (99): m/z 256 (M+, 47%), 241 
(35), 212 (13), 186 (55), 156 (19), 142 (89), 114 (60), 102 (39), 73 (100), 44 (50). 
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1-(t-B utyldimethylsilyl)octan-2-one N ,N -dimethylhydrazone (96) 
To a solution of freshly prepared lithium diisopropylamide (2.2 g, 22 mmole) in 
dry tetrahydrofuran (50 ml) was added, dropwise with stirring, octan-2-one N ,N-
dimethy lhydrazone (85) (3.4 g, 20 mmole) at 0 °C under argon. After 1.5 hr, the 
reaction mixture was immediately cooled to -65 °C. A solution of t-butyldimethylsilyl 
chloride (4 g, 26 mrnole)-tetrahydrofuran (8 ml) was added and the mixture was stirred at 
this temperature for 1 hr. Then, the mixture was allowed to warm to 0 °C within 2 hr 
and stirred at this temperature for an additional 17 hr. Following the work-up as 
described previously, a crude product obtained was purified by short-path distillation 
(150 °C/2 mm), affording a yellow oil of l-(t-butyldimethylsilyl)octan-2-one N,N-
dimethylhydrazone (96) (4.7 g, 82%) (Found: C, 67.5; H, 12.5. C16H36N2Si requires 
C, 67.5; H, 12.8). 1H-n.m.r. 8 2.33, s, 6H, N(CH3)2; 2.09, t, J 7.8 Hz, 2H, 2 x H-3; 
1.97, s , 2H, CH2Si; 1.55-1.25, m, 8H, (CH2)4CH3; 0.89, brs, 12H, SiC(CH3)3 and 
CH2CH3; 0.01, s, 6H, Si(CH3)2. Mass spectrum: mlz 284 (M+, 6% ), 227 (29), 184 
(14), 158 (5), 114 (10), 102 (65), 73 (100), 59 (41), 44 (47). 
2-(t-B utyldimethylsilyl)nonan-3-one N ,N -dimethylhydrazone ( 100) 
and 1-(t-butyldimethylsilyl)-3-methyloctan-2-one N ,N -
dimethylhydrazone ( 101) 
An ice-cooled tetrahydrofuran solution (2.5 ml) of freshly prepared lithium 
diisopropylamide (56 mg, 0.55 mmole) was cooled to -65 °C and then treated with 1-(t-
butyldimethylsilyl)octan-2-one N ,N-dimethylhydrazone (96) (142 mg, 0.5 mmole) 
under argon. After stirring for 5 min, the reaction solution was immediately warmed to 0 
°C and stirred for 2 hr. The solution was then cooled to -65 °C and methyl iodide (142 
mg, 1 mmole) was slowly added. The mixture was stirred for 1 hr at -65 °C, then 
warmed to 0 °C within 2 hr and stirred for an additional 22 hr. The mixture was 
quenched with water and extracted with dichloromethane. Evaporation of the solvent of 
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the dried extracts afforded a crude residue (130 mg) as a yellow oil and a small amount of 
a yellow precipitate. G.c./m.s. and g.c. analysis indicated a mixture of the I-methylated 
N,N-dimethylhydrazone (100) (18%) and the 3-methylated N,N-dimethy lhydrazone 
(101) (64%). 1H-n.m.r. of the mixture showed significant resonances 8 2.32, s, 12H, 
2 x N(CH3) 2 of the I-methylated and the 3-methylated; 1. 15, d, J 7.4 Hz, 3H, CH3-3 ' 
of the 3-methylated; 0.98, d, J 7.2 Hz, 3H, CH3- l of the I-methylated; 0.88, brs, 24H, 
2 x SiC(CH3)3, 2 x CH2CH3 of the I-methylated and the 3-methylated; 0.01, s, 12H, 2 
x Si(CH3) 2 of the I -methylated and the 3-methylated. G.c./mass spectrum of the I -
methylated (100): m/z 298 (M+, 15%), 241 (100), 226 (5), 198 (20), 143 (6), 128 (22), 
102 (84), 73 (61). G.c./mass spectrum of the 3-methylated (101): m/z 298 (M+, 24%), 
241 (61), 226 (12), 198 (38), 102 (100), 73 (64). The two isomers of the I-methylated 
(100) did not separate from each other but appeared as a broad singlet with the retention 
time 12.31 min whereas those of the 3-methylated (101) appeared as two singlets, 
having the identical g.c./m.s. fragmentation patterns, with the retention times at 12.74 
and 12.85 min. 
To a stirred solution of the crude residue (30 mg) in 10% aqueous acetone (1 ml) 
was added, dropwise, acetic acid (0.03 ml) at room temperature. After 20 hr, the 
reaction mixture was added to water and extracted with dichloromethane. The combined 
organic extracts were washed with water, then dried and the solvent was evaporated. 
Direct g.c./m.s. analysis of the crude mixture (15 mg), obtained as a yellow oil, indicated 
a mixture of nonan-3-one (110), 3-methyloctan-2-one (111) and J-(t-butyl-
dimethylsilyl)-3-methyloctan-2-one (112). G.c./mass spectrum of nonan-3-one (110): 
m/z 142 (M+, 3%), 113 (56), 95 (5), 85 (36), 72 (67), 57 (86), 43 (100). G.c./mass 
spectrum of 3-methyloctan-2-one (111): m/z 142 (M+, 3%), 85 (6), 72 (84), 57 (47), 43 
(100). G.c./mass spectrum of 1-(t-butyldimethylsilyl)-3-methyloctan-2-one : m/z 256 
(M+, 2%), 199 (41), 186 (6), 157 (7), 129 (18), 115 (9), 75 (100), 59 (10). The 
retention times of the three compounds were 4.68, 4.08 and 9.65 min, respectively, 
upon g.c./m.s. analysis. 
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3-(2 '-Oxooctyl)-4-t-butoxycyclopentan-1-one (89) 
A stirred solution of freshly prepared lithium diisopropylamide (56 mg, 0.55 
mmole) in dry tetrahydrofuran (1.5 ml) was immediately cooled from 0 °C to -65 °C and 
then 1-trimethylsilyloctan-2-one N,N-dimethylhydrazone (95) (121 mg, 0.5 mmole) was 
added, dropwise, under argon. After 5 min, the mixture was warmed to O °C and stirred 
at this temperature for an additional 2 hr. Thereafter, the mixture was cooled to -65 °C, 
followed by treatment with a tetrahydrofuran solution (0.1 ml) of 4-t-butoxycyclopent-2-
enone (85 mg, 0.55 mmole). After stirring for 20 hr, the reaction mixture was quenched 
with saturated aqueous ammonium chloride and extracted with dichloromethane. The 
combined extracts were dried and then concentrated to dryness to give a crude oil (210 
mg). 
Treatment of the crude oil (210 mg) with aqueous sodium periodate in methanol, 
pH 7 and room temperature (as described in Section A, pp. 172) gave a crude yellow oil 
(133 mg) which was purified by chromatography in dichloromethane/ethyl acetate (16:1). 
The dike tone (89) (25 mg, 17%) was obtained as a yellow oil. Its structure was 
identified previously (see pp. 171). 
3-(2 '-Oxooctyl)-4-(t-butyldimethylsilyloxy )cyclopentan-1-one (93) 
The foregoing reaction was repeated. In this case, 4-t-butoxycyclopent-2-enone 
was replaced by 4-(t-butyldimethylsilyloxy)cyclopent-2-enone (117 mg, 0.55 mmole) . 
Oxidative hydrolysis (aqueous sodium periodate, pH 7, room temperature) of the crude 
N,N-dimethylhydrazone adduct (218 mg) afforded a crude oil (162 mg) which was 
chromatographed in dichloromethane/ethyl acetate (50: 1 ). The dike tone (93) (29 mg, 
17%) was obtained as a yellow oil. Its structure was identified previously (see pp. 173). 
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1,3-IJ.h.-(t-butyldimethylsilyl)acetone N ,N -dimethylhydrazone ( 114) 
To a solution of freshly prepared lithium diisopropylamide (2.2 g, 22 mmole) in 
dry tetrahydrofuran (50 ml) was added, dropwise with stirring, acetone N ,N-dimethyl-
hydrazone (63) (1 g, 10 mmole) at 0 °C under argon. After stirring for 1 hr more, the 
reaction mixture was immediately cooled to -65 °C and treated with a solution oft-
butyldimethylsilyl chloride (4 g, 26 mmole) in dry tetrahydrofuran (8 ml). The resulting 
mixture was warmed to 0 °C over 2 hr and stirring was continued at this temperature for 
14-15 hr. Then, the reaction mixture was quenched with water and extracted with 
dichloromethane. The dried extract was concentrated to dryness and a crude product was 
purified by short-path distillation (140 °C/10 mm), giving a yellow oil of 1,3-/m.-(t-
butyldimethylsilyl)acetone N,N-dimethylhydrazone (114) (2.2 g, 65%) (Found: C, 
62.1; H, 12.0. C17H40N2Si2 requires C, 62.1; H, 12.3%). 1H-n.m.r. 8 2.31, s, 6H, 
N(CH3) 2; 1.96, s, 2H, 2 x H-1 or 2 x H-3; 1.67, s, 2H, 2 x H-3 or 2 x H-1; 0.88, 
0.87, s, 18H, 2 x SiC(CH3) 3; 0.03, 0.02, s, 12H, 2 x Si(CH3)2. Mass spectrum: mlz 
328 (M+, 4%), 271 (32), 116 (10), 102 (49), 73 (100), 59 (32), 45 (16). 
1,3-/Jh.-(t-butyldimethylsilyl)butan-2-one N ,N -dimethylhydrazone 
( 117) 
To a tetrahydrofuran solution (2.5 ml) of freshly prepared lithium 
diisopropylamide (56 mg, 0.55 mmole) was added, dropwise with stirring, 1,3-.bis.-(t-
butyldimethylsilyl)acetone N,N-dimethylhydrazone (114) (164 mg, 0.5 mmole) at -65 
°C under argon. After 5 min, the reaction solution was immediately warmed to 0 °C and 
stirred for 2 hr, then cooled to -65 °C. To a cooled reaction solution was slowly added 
methyl iodide (710 mg, 5 mmole) and the mixture was stirred for 1 hr at -65 °C, then for 
15 hr at 0 °C. The mixture was quenched with water, extracted with dichloromethane 
and dried. The crude residue (165 mg) obtained was analysed by 1H-n.m.r. and 
g.c./m.s. which indicated that the methylated N,N-dimethylhydrazone (117) was formed 
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in 90% yield. 1H-n.m.r. of the unpurified N,N-dimethylhydrazone (117) showed 
significant resonances o 2.34, s, 6H, N(CH3) 2; 1.16, d, J 7 .3 Hz, 3H, CH3-4; 0.92, 
0.88, s, 18H, 2 x SiC(CH3)3; 0.05, 0.03, s, 12H, 2 x Si(CH3) 2. G.c./mass spectrum: 
m/z 342 (M+, 10%), 327 (5), 285 (100), 242 (9), 102 (36), 73 (47). The methy lated 
N,N-dimethylhydrazone (117) appeared as two isomers at the retention times 13.50 and 
13.57 min and g.c./m.s. fragmentation patterns of both isomers were identical. 
Addition reaction of 1,3-m-(t-butyldimethylsilyl)acetone N ,N -
dimethylhydrazone ( 114) with 4-(t-butyldimethylsilyloxy )-
cyclopent-2-enone (80) 
To a tetrahydrofuran solution (1.5 ml) of freshly prepared lithium 
diisopropylamide (60 mg, 0.6 mmole) was added, dropwise with stirring, 1,3-bis-(t-
butyldimethylsilyl)acetone N,N-dimethylhydrazone (114) (164 mg, 0.5 mmole) at -65 
°ᕉC under argon. The mixture was then warmed to 0 °C and stirred for 2 hr. Thereafter, 
the mixture was immediately cooled to -65 °C and a solution of 4-(t-
butyldimethylsilyloxy)cyclopent-2-enone (138 mg, 0.65 mmole) in tetrahydrofuran (0.3 
ml) was slowly added. The reaction solution was stirred at -65 °C for 2.5 days and then 
quenched with saturated aqueous ammonium chloride. After extraction with 
dichloromethane, the combined extracts were dried and concentrated to dryness to give a 
crude residue (265 mg) which was the mixture of the 1,4- N,N-dimethylhydrazone 
adduct (119) and the 1,2- N,N-dimethylhydrazone adduct (120), as judged by 1H-
n.m.r. spectroscopy. The 1H-n.m.r. spectrum of the crude mixture showed significant 
resonances o 5.9-5.7, m, 2H, H-2 and H-3 of the 1,2-adduct; 4.38, m, lH, H-4 of the 
1,2-adducr, 4.2, m, lH, H-4 of the 1,4-adduct; 1.0-0.8, m, 54 H, 6 x SiC(CH3)3 of the 
1,4- and the 1,2-adducts; 0.2-0.0, m, 36H, 6 x Si(CH3) 2 of the 1,4- and the 1,2-
adducts. Mass spectrum: m/z 540 (M+, 1.2%), 525 (7), 483 (72). CI-mass spectrum: 
m/z 541 (M++l, 100%). 
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To a stirred solution of the crude mixture (265 mg) in 10% aqueous acetone (5 
ml) was added, dropwise, acetic acid (0.15 ml) at room temperature. After 19 hr, the 
reaction solution was poured into water and extracted with dichloromethane. The 
combined dichloromethane extracts were washed with water, dried and the solvent was 
evaporated. The crude yellow oil (180 mg) was analysed by 1H-n.m.r. spectroscopy; 
significant resonances in the 1H-n.m.r. spectrum of this hydrolysed mixture were similar 
to those of the crude mixture of N ,N-dimethylhydrazone adducts (119) and (120) 
G.c./m.s. indicated a mixture of the 1,4-adducts (121, 122) and the 1,2-adducts (123, 
124), resulting from an incomplete conversion of the hydrazone moiety to carbonyl 
functionality and partial cleavage of the t-butyldimethylsilyl groups on side chain. The 
retention times of the hydrolysed adducts (122) and (124) were at 15.0 and 15.4 min 
whereas those of the N,N-dimethylhydrazone adducts (121) and (123) were at 18.5 and 
19.0 min. G.c./mass spectrum of the two hydrolysed adducts (122) and (124): m/z 327 
(M+-57, 55, 65%), 269 (29, 34), 237 (22, 20), 195 (100, 100), 147 (55, 40), 75 (35, 
47). G.c./mass spectrum of the two N,N-dimethylhydrazone adducts (121) and (123): 
m/z 426 (M+, 7, 10%), 326 (52, 50), 224 (60, 67), 166 (37, 36), 102 (45, 30), 73 (100, 
100). Note that we could not directly identify the 1,4-adduct from the 1,2-adduct by 
using g.c./m.s. data since each mass spectrometric fragmentation pattern, in each case, 
was similar. 
1-(t-Butyldimethylsilyl)acetone N ,N-dimethylhydrazone ( 115) 
To a stirred solution of freshly prepared lithium diisopropylamide ( 1.8 g, 17 .5 
mmole) in dry tetrahydrofuran (45 ml) was added, dropwise, acetone N ,N-
dimethylhydrazone (63) (1.5 g, 15 mmole) at 0 °C under argon. After 30 min, the 
resultant solution was immediately cooled to -65 °C and then a solution of t-
butyldimethylsilyl chloride (2.9 g, 19 mmole) in dry tetrahydrofuran (6 ml) was added. 
The mixture was warmed to 0 °C within 3.5 hr. Then, the reaction mixture was 
quenched with water and extracted with dichloromethane. The dichloromethane extracts 
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were dried and the solvent was evaporated. Purification of a crude product by short-path 
distillation (115 °C/10 mm) afforded 1-(t-butyldimethylsilyl)acetone N ,N -
dimethylhydrazone (115) (2 g, 62%) as a yellow oil (Found: C, 61.5; H, 12.0. 
C 11 H26N2Si requires C, 61.6; H, 12.2%). 1H-n.m.r. 8 2.40, 2.35, s, 6H, N(CH3)i-
£/Z; 1.79, 2.03, s, 2H, CH2C=N-£/Z; 1.95, 1.87, s, 3H, CH3C=N-E/Z; 0.91, 0.89, s, 
9H, SiC(CH3) 3-£/Z; 0.03, 0.02, s, 6H, Si(CH3)2-£/Z; E:Z = 1: 1. Mass spectrum: mlz 
214 (M+, 7%), 157 (5), 114 (8), 102 (46), 73 (100), 59 (32), 45 (12). 
1-(t-Butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N -
dimethylhydrazone ( 125) 
A solution of freshly prepared lithium diisopropylamide (0.6 g, 6 mmole) in dry 
tetrahydrofuran (12 ml) was immediately cooled from O °C to -65 °C. Then, 1-(t-
butyldimethylsilyl)acetone N ,N-dimethylhydrazone (115) (1.1 g, 5 mmole) was added, 
dropwise with stirring, in an atmosphere of argon. After the addition, the mixture was 
warmed to O °C and stirring was continued at this temperature for 1 hr. The resultant 
solution was then cooled to -65 °C and hexan-2-one (0.7 g, 6.5 mmole) was added. The 
mixture was allowed to warm to O °C within 2 hr, stirring was continued at this 
temperature for an additional 3 hr and then at room temperature for 20 hr. The reaction 
mixture was quenched with water and extracted with dichloromethane. Evaporation of 
the solvent from the dried extract afforded a crude prcxluct which was purified by short-
path distillation (100 °C/4 mm) to give l-(t-butyldimethylsily/)-4-hydroxy-4 -
methyloctan-2-one N,N-dimethylhydrazone (125) (1.3 g, 85%) as a yellow oil (Found: 
C, 64.8; H, 12.0. C17H38N2OSi requires C, 64.9; H, 12.2%). 1H-n.m.r. 8 7.85, brs, 
lH, OH; 2.59, d, J 13.4 Hz, lH, H-3; 2.43, s, 6H, N(CH3) 2; 2.19, d, J 13.4 Hz, lH, 
H-3; 1.90, d, J 12.1 Hz, lH, H-1; 1.71, d, J 12.1 Hz, lH, H-1; 1.55-1.20, m, 6H, 
(CH2) 3CH3; 1. 15, s, 3H, CH3-4'; 0.88, brs, 12H, SiC(CH3) 3 and CH2C.H3; 0.02, s, 
6H, Si(CH3) 2. Mass spectrum: m/z 314 (M+, 13%), 299 (6), 257 (74), 214 (8), 200 
(9), 157 (48), 143 (18), 114 (82), 102 (78), 83 (47), 73 (100), 58 (72), 44 (82). 
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Further standing at room temperature of the N,N-dimethylhydrazone (125) 
resulted in isomerisation to the mixture of two stereoisomers which could be separated 
from each other by chromatography in dichloromethane/ethyl acetate (1 :8). The more 
polar fraction which was assigned as the £-isomer (125A), gave the identical 1H-n.m.r. 
and mass spectrum with those mentioned above. 
The less polar fraction showed the similar 1 H-n.m.r. and mass spectrum to those 
of the £-isomer (125A) and this fraction was assigned as the Z-isomer (125B). 1H-
n.m.r.-isomer 8 5.95, brs, lH, OH; 2.36, s, 6H, N(CH3) 2; 2.27, d, J 16.0 Hz, lH, H-
3; 2.13, d, J 16.0 Hz, lH, H-3; 2.03, s, 2H, CH2Si; 1.60-1.20, m, 6H, (CH2) 3CH3; 
1.16, s, 3H, CH3-4'; 0.88, brs, 12H, SiC(CH3) 3 and CH2CH3; 0.01, s, 6H, Si(CH3)2. 
Mass spectrum: mlz 314 (M+, 3%), 299 (3), 257 (28), 214 (4), 157 (23), 143 (20), 125 
(12), 114 (62), 102 (59), 83 (70), 73 (100), 58 (55), 43 (76). 
2-(t-B utyldimethylsilyl)-5-hydroxy-5-methylnonan-3-one 
N ,N-dimethylhydrazone ( 127) 
An ice-cooled solution of freshly prepared lithium diisopropylamide (111 mg, 
1. 1 mmole) in dry tetrahydrofuran (3.5 ml) was cooled to -65 °C under argon and then 
1-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethylhydrazone (125) 
(157 mg, 0.5 mmole) was added with stirring. After 5 min, the reaction solution was 
warmed to O °C and stirred for 2 hr. The resultant solution was then cooled to -65 °C 
and treated with methyl iodide (710 mg, 5 mmole). After being stirred at -65 °C for 1 hr, 
the mixture was warmed to O °C within 2.5 hr and stirred at O °C for an additional 16 hr. 
The reaction mixture was quenched with water and extracted with dichloromethane. The 
combined dichloromethane extracts were dried and concentrated to dryness. Purification 
of the crude product by chromatography in dichloromethane/ethyl acetate (30: 1) afforded 
2-(t-butyldimethylsilyl)-5-hydroxy-5-methylnonan-3-one N,N-dimethylhydrazone (127) 
(51 mg, 31 %) as a yellow oil (Found: C, 65.6; H, 12.6. C 18H 40N 2OSi requires C, 
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65.8; H, 12.3%). 1H-n.m.r. 8 6.56, brs, lH, OH; 3.46, m, lH, H-2; 2.38, s, 6H, 
N(CH3) 2; 2.19, d, J 16.0 Hz, lH, H-4; 2.04, d, J 16.0 Hz, lH, H-4; 1.65-1.25, m, 
6H, (CH2)3CH3; 1.20, d, J 8.0 Hz, lH, CH3-l; 1.14, s, 3H, CH3-5'; 0.93, brs, 12H, 
SiC(CH3)3 and C1½CH3; 0.03, -0.05, s, 6H, Si(CH3)2. Mass spectrum: m/z 328 (M+, 
5%), 313 (3), 271 (26), 228 (4), 171 (12), 128 (47), 102 (100), 73 (81), 59 (17), 43 
(16). 
A. Hydrolysis with diluted hydrochloric acid in tetrahydrofuran: 13 To 
a stirred solution of the crude methylated N ,N-dimethylhydrazone (127) (59 mg, 0.18 
mmole) in tetrahydrofuran (4 ml) was slowly added diluted hydrochloric acid (2 N) (1.2 
ml) at room temperature. After 5 days, the reaction solution was extracted with ether. 
The combined ether extracts were washed with water and dried. Evaporation of the dried 
extract solution gave a crude residue (50 mg) as a yellow oil. 1H-n.m.r. of the 
unpurified non-4-en-3-one (128) showed significant resonances 8 6.05, s, lH, H-4; 
1.19, s, 3H, CH3-5'; 1.05, t, J 7.0 Hz, 3H, CH3-1. Mass spectrum: m/z 253 (M+-15, 
15%), 128 (59), 127 (46), 97 (21), 85 (42), 57 (100), 43 (74). 
B. Desilylation with tetra-n-butylammonium fluoride (n-Bu 4N+F-) in 
tetrahydrofuran: 14 Tetra-n-butylammonium fluoride (141 mg, 0.54 mmole) was 
added, dropwise with stirring, to a tetrahydrofuran solution (0.7 ml) of the crude 
methylated N,N-dimethylhydrazone (127) (59 mg, 0.18 mmole) at room temperature. 
After being stirred for 24 hr, the reaction mixture was quenched with saturated aqueous 
ammonium chloride. After extraction with dichloromethane, the combined organic 
extracts were dried and the solvent was evaporated. 1H-n.m.r. of unpurified 5-hydroxy-
5-methylnonan-3-one N,N-dimethylhydrazone (129) showed significant resonances 8 
2.45, s, 6H, N(CH3)2; 1.19, s, 3H, CH3-5'; 1.07, t, J 7.6 Hz, 3H, CH3-l; 0.90, t, J 
6.8 Hz, 3H, CH3-9. Mass spectrum: m/z 214 (M+, 8%), 157 (14), 115 (19), 114 (31), 
101 (18), 85 (9), 72 (49), 57 (54), 44 (100). 
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1-(t-Butyldimethylsilyl)-1-(2 '-t-butyldimethylsilyloxy-
4 '-oxocyclopentyl)-4-hydroxy-4-methyloctan-2-one N ,N -
dimethylhydrazone ( 130) 
A . To a solution of freshly prepared lithium diisopropylamide (111 mg, 1.1 mmole) 
in dry tetrahydrofuran (3.5 ml) was added, dropwise with stirring, 1-(t-
butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethylhydrazone (125) ( 157 
mg, 0.5 mmole) at -65 °C under argon. After the addition, the solution was immediately 
warmed to 0 °C and stirred for 2 hr. Then, the solution was cooled to -65 °C and treated 
with a tetrahydrofuran solution (0.4 ml) of 4-(t-butyldimethylsilyloxy)cyclopent-2-enone 
(138 mg, 0.65 mmole). The mixture was kept stirring at this temperature for 2 days and 
then quenched with saturated aqueous ammonium chloride. After extraction with 
dichloromethane, the extracts were dried and the solvent was evaporated. The crude 
yellow oil (249 mg) was chromatographed. Elution with dichloromethane/ethyl acetate 
(16:1) afforded 3 fractions. 
The first eluted fraction was a mixture of diastereoisomers of the 1,4- N,N -
dimethylhydrazone adduct (130) (24 mg, 11 % ) isolated as a yellow oil (Found: M+-
H2O, 508.3878. C28H58N2O3Si2 requires M+-H2O, 508.3880). 1H-n.m.r. 8 5.85, 
brs, lH, OH; 4.1, m, lH, H-2'; 3.40, 3.38, d, J 12.0 Hz, lH, H-1; 2.75-2.05, m, 6H, 
CH2COCH2 and 2 x H-3; 2.34, s, 6H, N(CH3)2; 1.75-1.25, m, l0H, H-1 ', CH3-4 and 
(CH2)3CH3; 0.93, 0.85, s, 21H, 2 x SiC(CH3) 3 and CH2CH3; 0.11, 0.09, 0.04, 0.03, 
s, 12H, 2 x Si(CH3)2. CI-mass spectrum: m/z 527 (M+ + 1, 100%), 509 (28). 
The second eluted fraction was another mixture of diastereoisomers of the 1,4-
N,N-dimethylhydrazone adduct (130) (34 mg, 16%) isolated as a yellow oil. 1H-n.m.r. 
8 5.90, brs, lH, OH; 4.4, m, lH, H-2'; 3.38, 3.33, d, J 12.0 Hz, lH, H-1; 2.70-2.00, 
m, 6H, CH2COCH2 and 2 x H-3; 2.30, s, 6H, N(CH3)2; 1.95-1.75, m, lH, H-1'; 
1.65-1.20, m, 9H, CH3-4 and (CH2)3CH3; 0.99, 0.88, s, 21H, 2 x SiC(CH3)3 and 
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CH2CH3; 0.12, 0.09, 0.06, s, 12H, 2 x Si(CH3)2. CI-mass spectrum: m/z 527 (M+ + 1, 
33% ), 509 (100). 
The third eluted fraction was the mixture of the J ,2- N,N-dimethylhydrazone 
adduct (131) and the cyclopentenone adduct (132) (12 mg, 5%) isolated as a yellow oil. 
The 1 H-n.m.r. spectrum of this fraction was complicated apart from the resonances of 
the four olefinic protons at 8 7.42 (dd, J 6.0 and 2.0 Hz), 6.25 (d, J 6.0 Hz), 6.18 (d, J 
6.0 Hz) and 5.90 (dd, J 6.0and 2.0 Hz). CI-mass spectrum showed, among the other 
ions, a protonated molecular ion at m/z 527. 
B . Oxidative hydrolysis: 11 To a tetrahydrofuran solution (0.6 ml) of the crude 
oil ( 42 mg), obtained from the addition reaction mentioned above, was added at room 
temperature aqueous phosphate buffer (0.5 ml) and aqueous sodium periodate (68 mg, 
0.32 mmole, 0.5 ml), respectively. After stirring for 1.5 day, a precipitate of sodium 
iodate was removed by filtration. The filtrate was dried and concentrated to dryness, 
giving a crude yellow oil in 37 mg. The 1H-n.m.r. spectrum of the crude material was 
similar to that of the starting material, indicating that a quantitative amount of the starting 
material was recovered from this oxidative hydrolysis. CI-mass spectrum of the crude 
material also showed the same protonated molecular ion as that of the starting material at 
m/z 527. 
C. Ozonolysis: 15 A solution of the pure 1,4-adduct (130) (12 mg) in 
dichloromethane (2 ml) was cooled to -65 °C. After 5 min, the cooled solution was 
treated with a gentle stream of ozone. When the reaction was complete ( colour of the 
solution turned yellow to blue), the stream of ozone was stopped. Then, a stream of 
argon was flushed through the solution as it was allowed to equilibrate to room 
temperature. The resulting solution was concentrated to dryness. The crude yellow oil 
(10 mg) obtained was analysed by 1H-n.m.r. spectroscopy which indicated 
decomposition of the starting material. 
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D. Hexamethylphosphoric triamide and trimethylsilyl chloride: 6 To the 
mixture of 1-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one NN-dimethyl-
hydrazone (125) (157 mg, 0.5 mmole) and hexamethylphosphoric triamide (179 mg, 1 
mmole) in tetrahydrofuran (1.5 ml) was added, dropwise with stirring, an ice-cooled 
tetrahydrofuran solution (3 ml) of freshly prepared lithium diisopropylamide (111 mg, 
1.1 mmole) at -65 °C under argon. After stirring for 5 min, the reaction solution was 
immediately wanned to 0 °C and stirred for 2 hr, then cooled to -65 °C. A mixture of 4-
(t-butyldimethylsilyloxy)cyclopent-2-enone (138 mg, 0.65 mmole) and trimethylsilyl 
chloride (108 mg, 1 mmole) in tetrahydrofuran (1.5 ml) was added, dropwise, to the 
cooled reaction solution containing a-lithiated N N-dimethylhydrazone (113) at -65 °C 
via a double ended needle. After stirring for 2 days, the mixture was quenched with 
saturated aqueous ammonium chloride and extracted with ethyl acetate. The ethyl acetate 
extracts were washed successively with water and dried. Evaporation of the dried 
organic solution afforded a crude yellow oil (243 mg). Analysed by 1H-n.m.r. 
spectroscopy, unreacted 4-(t-butyldimethylsilyloxy)cyclopent-2-enone (80) was 
recovered in higher %yield than in the addition reaction mentioned above (Section A), as 
determined by the resonances of two olefinic protons (8 7.45, 6.18) and the methine 
proton (8 4.98) of the cyclopent-2-enone (80). 
4-Hydroxy-4-methyloctan-2-one ( 133 ), 
1-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one ( 134) 
and 7-hydroxy-7-methylundecan-5-one ( 135) 
A. From ozonolysis: 15 1-(t-B uty ldimethylsilyl)-4-hydroxy-4-methyloctan-2-
one NN-dimethylhydrazone (125) (157 mg, 0.5 mmole), dissolved in dichloromethane 
(5 ml), was cooled to -65 °C. After 5 min, a gentle stream of ozone was flushed through 
the solution. Colour of the solution turned yellow to blue, indicating an excess of ozone. 
When the reaction had run to completion, the stream of ozone was stopped. Then, a 
stream of argon was flushed through the solution as it was allowed to equilibrate to room 
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temperature. The resulting solution was concentrated to dryness. The crude yellow oil 
(130 mg) was chromatographed in dichloromethane/ethyl acetate (from 16: 1 to 1: 1), 
yielding 3 compounds. 
The first eluted compound was 7-hydroxy-7-methylundecan-5-one (135) (6 mg, 
4%) isolated as a yellow oil. 1 H-n.m.r. 8 2.63, d, J 17 .0 Hz, 1 H, H-6; 2.52, d, J 17 .0 
Hz, lH, H-6; 2.42, t, J 7.3 Hz, 2H, 2 x H-4; 1.62-1.22, m, l0H, (CH2) 2CH3 and 
(CH2) 3CH3; 1.19, s, 3H, CH3-7'; 0.91, t, J 7.1 Hz, 6H, CH3-1 and CH3-11. Mass 
spectrum: mlz 185 (M+-15, 2%), 182 (2), 143 (24), 115 (2), 101 (29), 85 (100), 57 
( 47), 43 (25). 
The second eluted compound was l-(t-butyldimethylsilyl)-4-hydroxy-4-
methyloctan-2-one (134) (28 mg, 21 %) isolated as a yellow oil. 1H-n.m.r. 8 2.58, d, J 
17.2 Hz, lH, H-3; 2.49, d, J 17.2 Hz, lH, H-3; 2.22, s, 2H, CH2Si; 1.60-1.22, m, 
6H, (CH2) 3 CH 3 ; 1.19, s, 3H, CH3 -4'; 0.90, s, 9H, SiC(CH3 ) 3 ; 0.09, s, 6H, 
Si(CH3) 2. Mass spectrum: mlz 257 (M+-15, 0.8%), 215 (10), 157 (18), 115 (90), 101 
(15), 75 (100), 55 (11), 43 (16). 
The last eluted compound was 4-hydroxy-4-methyloctan-2-one (133) 16 (12 mg, 
9%) isolated as a yellow oil. 1H-n.m.r. 8 3.20, brs, lH, OH; 2.65, d, J 17.4 Hz, lH, 
H-3; 2.55, d, J 17.4 Hz, lH, H-3; 2.17, s, 3H, COCH3 ; 1.53-1.25, m, 6H, 
(CH2) 3CH 3 ; 1.19, s, 3H, CH3-4'; 0.89, t, J 6.8 Hz, 3H, CH2CH3 . 13 C-n.m.r. 8 
210.9, CO; 71.6, C-4; 52.2, C-3; 41.9, C-5; 31.9, CH3-1; 26.7, CH3-4'; 26.2, 23.1, 
C-6 and C-7; 14.0, CH3-8. Mass spectrum: mlz 143 (M+-15, 1.4%), 115 (42), 101 
(49), 85 (11), 57 (68), 43 (100). 
B . From oxidative hydrolysis: 11 An aqueous sodium periodate (222 mg, 1.04 
mmole, 1.6 ml) was added at room temperature to a mixture of aqueous phosphate buffer 
(1 ml) and l-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethyl-
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hydrazone (125) (82 mg, 0.26 mmole) in methanol (3.5 ml) { or tetrahydrofuran (1.6 
ml)}. After stirring for 20 hr, the reaction mixture was filtered to remove a sodium 
iodate precipitate. Then, the filtrate was dried and concentrated to dryness, giving a 
crude 4-hydroxy-4-methyl-octan-2-one (133) (51 mg), as judged by 1H-n.m.r. 
spectroscopy. 
C. From cupric ion-catalysed hydrolysis: 17 To a stirred solution of cupric 
acetate (104 mg, 0.52 mmole) { or cupric acetate/phenanthroline (1: 1)} in water (5.1 ml) 
was added a solution of l-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-
dimethylhydrazone (125) (82 mg, 0.26 mmole) in tetrahydrofuran (5.2 ml) at room 
temperature. After the colour of the mixture changed from blue to dark green to tan and a 
tan precipitate was deposited, stirring was continued for an additional 2 hr. The resulting 
solution was evaporated to remove tetrahydrofuran and then treated with aqueous 
ammonium chloride-ammonium hydroxide solution (pH 8). After extraction with 
dichloromethane, the combined extracts were dried and the solvent evaporated to yield a 
crude residue (70 mg) as a green brown oil. Chromatography of the crude residue in 
dichloromethane/ethyl acetate ( 1: 16) afforded 4-hydroxy-4-methyloctan-2-one N ,N-
dimethylhydrazone (133) (26 mg, 32%) as a yellow oil. 
D. From salt method: 11 b A mixture of l-(t-butyldimethylsilyl)-4-hydroxy-4-
methyloctan-2-one N ,N-dimethylhydrazone (125) (157 mg, 0.5 mmole) and methyl 
iodide (355 mg, 2.5 mmole) in tetrahydrofuran (4 ml) was heated under reflux conditions 
and stirred for 20 hr. After cooling, the mixture was concentrated to dryness and the 
crude residue obtained was dissolved in water (5 ml). The solution was then heated to 
reflux for 2 days. After cooling, the solution was extracted with ether and dried. 
Evaporation of the dried extract solution gave a crude 4-hydroxy-4-methyloctan-2-one 
(133) (50 mg), as analysed by 1H-n.m.r. spectroscopy. 
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E. From Amberlyst 15-catalysed hydrolysis: 18 A mixture of the N ,N-
dimethylhydrazone (125) (157 mg, 0.5 mmole) and Amberlyst 15 (1 g) in acetone-water 
(10: 1, 33 ml) was heated to 80 °C and stirred for 3 days. After cooling, the catalyst was 
removed by filtration and the acetone was removed under reduced pressure. Extraction 
with dichloromethane and evaporation of the dried extract solution afforded a crude 4-
hydroxy-4-methyloctan-2-one (133) (112 mg), as analysed by 1H-n.m.r. spectroscopy. 
1-(t-Butyldimethylsilyl)-2-(N ',N '-dimethylhydrazino)octane ( 136) 
1-(t-Butyldimethylsilyl)octan-2-one N,N-dimethylhydrazone (96) (142 mg, 0.5 
mmole), dissolved in ether (2 ml), was treated with catechol borane (120 mg, 1 mmole) 
at 0 °C under argon. 19 The mixture was allowed to equilibrate to room temperature 
within 12 hr and then diluted with ether. The solution was washed with water, and 
several times with sodium hydroxide (1 N), then dried and concentrated to dryness, 
giving a crude yellow oil (127 mg). G.c. analysis indicated that the N,N-
dimethylhydrazine (136) was formed in 91 % purity. 1H-n.m.r. (300 MHz) of the 
unpurified N,N-dimethylhydrazine (136) 8 2.84, m, lH, H-2; 2.42, s, 6H, N(CH3) 2; 
1.50-1.27, m, l0H, (C~)5CH3; 0.86, brs, 12H, SiC(CH3) 3 and CH2CH3; 0.71, d, J 
6.6 Hz, 2H, SiCH2; -0.01, s, 6H, Si(CH3)2. G.c./mass spectrum: m/z 286 (M+, 7%), 
227 (5), 117 (35), 115 (33), 73 (100), 60 (24), 59 (22). The retention time of the N,N-
dime thy lhydraz ine (136) was 14.22 min whereas that of the starting N,N-
dimethylhydrazone (96) was 13.95 min, as determined by g.c./m.s. 
A. 
1-(t-Butyldimethylsilyl)oct-1-ene ( 139) and 
1-(t-butyldimethylsilyl)oct-2-ene ( 140) 
From elimination with concentrated sulfuric acid . 1n 
tetrahydrofuran: 20 To a solution of the unpurified N ,N-dimethylhydrazine (136) 
(127 mg, 0.4 mmole) in tetrahydrofuran (6.8 ml) was added, dropwise with stirring, 
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concentrated sulfuric acid (0.03 ml) at room temperature. The mixture was heated to 55-
60 °C and stirred for 28 hr. After cooling, the reaction mixture was added to saturated 
aqueous sodium hydrogen carbonate overlaid with ether; the ether phase was separated 
and dried. Evaporation of the solvent from the dried extract yielded a crude mixture (103 
mg) of l-(t-butyldimethylsilyl)oct-1-ene (139) and 1-(t-butyldimethylsilyl)oct-2-ene 
(140) in the ratio of about 1 :3. 1H-n.m.r. (300 MHz) of the mixture showed significant 
resonances 8 6.02, dt, J 18.7 and 6.0 Hz, lH, H-2 of the oct-1-ene; 5.59, d, J 18.6 Hz, 
lH, H-1 of the oct-1-ene; 5.44-5.18, m, 2H, H-2 and H-3 of the oct-2-ene. G.c./mass 
spectrum of the oct-1-ene (139): m/z 226 (M+, 1 %), 169 (100), 99 (9), 73 (12), 59 
(28). G.c./mass spectrum of the oct-2-ene (140): m/z 226 (M+, 7%), 169 (25), 141 (7), 
99 (20), 73 (100), 59 (23). Analysed by g.c./m.s., the retention times of the oct-1-ene 
(139) and the oct-2-ene (140) were 10.78 and 11.12 min, respectively. 
B. From elimination with potassium hydride in tetrahydrofuran: 20 
Potassium hydride (0.35 g of a 35% slurry in oil) was stirred with a solution of the 
unpurified N,N-dimethylhydrazine (136) (97 mg, 0.34 mmole) in tetrahydrofuran (5 ml) 
at 55-60 °C under argon for 2 days. After cooling, the reaction mixture was added to 
cold saturated aqueous ammonium chloride overlaid with ether. The ether layer was 
separated and dried. G.c. analysis indicated a small amount of the oct-1-ene (139) and 
the oct-2-ene (140) and the ratio of the two compounds was about 1 :4. 
Oct-1-ene (141) 
A. From elimination with boron trifluoride etherate (BF 3 • 0 E t2) in 
di c hloromethane: 20 To an ice-cooled solution of the unpurified N ,N -
dimethylhydrazine (136) (240 mg, 0.84 mmole) in dry dichloromethane (10 ml) was 
added boron trifluoride etherate ( 1 ml) under argon. The mixture was stirred at 0 °C for 
12 hr and then at room temperature for 16 hr. The mixture was then added to saturated 
aqueous sodium hydrogen carbonate overlaid with ether. The ether layer was separated 
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and dried. G.c. analysis indicated that oct-1-ene (141) was formed in quantitative yield, 
and that no trace of the oct-1-ene (139) and the oct-2-ene (140) was obtained. The 
retention time (2.29 min) and g.c./m.s. fragmentation patterns of oct-1-ene (141) were 
identical with those of an authentic sample. 
B. From elimination with 40% aqueous hydrogen fluoride in 
acetonitrile:21 To a stirred solution of the crude oil (136) (127 mg, 0.44 mmole) and 
t-butylbenzene (12 mg, 0.09 mmole) in acetonitrile (9 ml) at room temperature was 
slowly added 40% aqueous hydrogen fluoride (1 ml). The mixture was then heated to 
55-60 °C for 3 hr. After cooling, the reaction mixture was added to saturated aqueous 
sodium hydrogen carbonate overlaid with ether. The ether layer was separated and dried. 
G.c. analysis of the ether phase indicated that oct-1-ene (141) was formed in 95% yield. 
No trace of the oct-1-ene (139) and the oct-2-ene (140) was detectable. 
4-Hydroxy-4-methyloct-1-ene ( 143) 
Catechol borane (96 mg, 0.8 mmole)19 was slowly added to an ice-cooled 
solution of 1-(t-butyldimethylsilyl)-4-hydroxy-4-methyloctan-2-one N ,N-dimethyl-
hydrazone (125) (126 mg, 0.4 mmole) in ether (1.6 ml) under argon. The mixture was 
then allowed to equilibrate to room temperature within 12 hr. Following the work-up as 
described in case of the octane (136) (see pp. 190), crude 1-(t-butyldimethylsilyl)-2-
(N',N'-dimethylhydrazino)-4-hydroxy-4-methyloctane (142) (120 mg) was obtained as 
a yellow oil. 1H-n.m.r. (300 MHz) of the unpurified N,N-dimethylhydrazine (142) 8 
3.25, m, lH, H-2; 2.49, s, 6H, N(CH3)i; 1.70-1.20, m, 8H, 2 x H-3 and (CH2)3CH3; 
1.16, 1.13, s, 3H, CH3-4'; 0.85-0.70, m, 14H, SiCH2, SiC(CH3)3 and CH2CH 3; 
0.01, s, 6H, Si(CH3) 2. G.c./mass spectrum: m/z 316 (M+, 12%), 259 (12), 215 (3), 
117 (34 ), 73 ( 100). The retention times of the two isomers of the N ,N-
dimethylhydrazine (142) were 16.22 and 16.48 min and both isomers had the identical 
g.c./m.s. fragmentation patterns. 
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A. To a mixture of the unpurified N ,N-dimethylhydrazine (142) (120 mg, 0.38 
mmole) and t-butylbenzene (10 mg, 0.07 mmole) in acetonitrile (5.8 ml) was slowly 
added 40% aqueous hydrogen fluoride (0.65 ml) with stirring.21 The reaction mixture 
was heated to 55-60 °C for 1 hr and then added to saturated aqueous sodium hydrogen 
carbonate overlaid with ether. The ether layer was separated and dried. G.c. analysis of 
the organic phase indicated that 4-hydroxy-4-methyloct-l-ene (143) was formed in 72% 
yield. Analysed by g.c./m.s., the retention time and m.s. fragmentation pattern of the 
oct-1-ene (143) were identical with those of the authentic sample.* 
B. When the unpurified N ,N-dimethylhydrazine (142) (162 mg, 0.5 mmole) was 
treated with 40% aqueous hydrogen fluoride21 (1 ml) in acetonitrile (9 ml) at 55-60 °C 
for 24 hr, crude 4-acetamido-4-methyloct-l-ene (144) was obtained in low yield after 
evaporation. 1H-n.m.r. (300 MHz) of the crude acetamide (144) showed significant 
resonances 8 5.82-5.66, m, lH, H-2; 5.14-5.02, m, 2H, 2 x H-1; 1.97, s, 3H, 
COCH3; 1.26, s, 3H, CHr4'; 0.88, brt, 3H, CH2CH3. G.c./m.s. analysis indicated 
that the retention time of the acetamide (144) was 9.96 min. G.c./mass spectrum: m/z 
168 (M+-CH3, 1 %), 142 (38), 126 (19), 100 (100), 84 (27), 60 (10), 43 (22). CI-mass 
spectrum: m/z 184 (M++l, 100%), 142 (26), 100 (79). 
* Pure authentic 4-methyl-4-hydroxyoct-l-ene (143) was obtained as a colorless oil 
(2.8 g, 40% yield) from Grignard reaction of allyl bromide and hexan-2-one.22 1H-
n.m.r. (300 MHz) 8 5.93-5.79, m, lH, H-2; 5.15-5.08, m, 2H, 2 x H-1; 2.21, d, J 7 .6 
Hz, 2H, allyl CH2; 1.50, s, lH, OH; 1.46-1.25, m, 6H, (CH2)3CH3; 1.15, s, 3H, 
CH3-4'; 0.90, brt, 3H, C1½CH3. G.c./mass spectrum: m/z 124 (M+-H20, 0.6%), 101 
(75), 85 (32), 83 (21), 55 (37), 43 (100). The retention time of this authentic sample 
was 5.23 min, as determined by g.c./m.s. 
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2-Acetylnaphthale ne N ,N -dimethylhydrazone ( 145) 
To a mixture of 2-acetylnaphthalene (8.5 g, 50 mmole) and N ,N-
dimethylhydrazine (9 g, 150 mmole) in absolute ethanol (12 ml) was slowly added acetic 
acid (0.5 ml) with stirring.23 The resulting mixture was heated under reflux conditions 
for 26 hr. After cooling, the volatile materials were removed on a rotary evaporator. A 
yellow residue was recrystallised from methanoVn-hexane to yield 2-acetylnaphthalene 
N,N-dimethylhydrazone (145) (9 g, 90%) as yellow crystals, m.p. 55-57 °C (Found: 
C, 79.0; H, 7.8; N, 13.2. C14H 16N2 requires C, 79.2; H, 7.6; N, 13.2%). 1H-n.m.r. 
(300 MHz) 8 8.08, brs, lH, H-1; 8.02, dd, J 8.6 and 1.8 Hz, lH, H-3; 7.90-7 .80, m, 
3H, H-4, H-5 and H-8; 7.52-7.46, m, 2H, H-6 and H-7; 2.67, brs, 6H, N(CH3) 2; 
2.49, brs, 3H, CH3C=N. Mass spectrum: m/z 212 (M+, 87%), 197 (17), 182 (21), 168 
(18), 153 (22), 128 (52), 127 (68), 44 (100). 
2-(2 '-t-Butyldimethylsilyl)acetylnaphthalene N ,N -
dimethylhydrazone ( 146) 
To an ice-cooled solution of freshly prepared lithium diisopropylamide (222 mg, 
2.2 mmole) in dry tetrahydrofuran (10 ml) was added, dropwise with stirring, a solution 
of 2-acetylnaphthalene N ,N-dimethylhydrazone (145) (424 mg, 2 mmole)-
tetrahydrofuran (0.8 ml) under argon. After stirring for 30 min at 0 °C, the reaction 
solution was cooled to -65 °C and treated with a tetrahydrofuran solution (0.8 ml) oft-
butyldimethylsilyl chloride (392 mg, 2.6 mmole). The resulting solution was stirred for 
1 hr and then allowed to warm to 0 °C within 1 hr. Stirring was continued at this 
temperature for 13 hr. The reaction mixture was quenched with water and extracted with 
dichloromethane. The combined dichloromethane extracts were dried and the solvent 
was evaporated. Chromatography of the crude oil in dichloromethane/ethyl acetate (10: 1) 
afforded the t-butyldimethylsilylated N,N-dimethylhydrazone (146) (622 mg, 95%) as a 
yellow solid (Found: C, 73.8; H, 9.4; N, 8.4. C20H30N2Si requires C, 73.6; H, 9.3; 
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N, 8.6% ). 1 H-n.m.r. (300 MHz) 8 8.03, brs, lH, H-1; 7 .89-7 .79, m, 4H, H-3, H-4, 
H-5 and H-8; 7.51-7.45, m, 2H, H-6 and H-7; 2.61, s, 2H, CH2Si; 2.56, s, 6H, 
N(CH3) 2; 0.91, s, 9H, SiC(CH3) 3; 0.18, s, 6H, Si(CH3) 2. Mass spectrum: m/z 326 
(M+, 8%), 269 (17), 127 (9), 102 (100), 73 (72). 
2-Vinylnaphthalene (148) 
On treatment with catechol borane (64 mg, 0.53 mmole) in ether (1. 1 ml) at O °C 
to room temperature, 19 the t-butyldimethylsilylated N ,N-dimethylhydrazone (146) (85 
mg, 0.26 mmole) was reduced to the t-butyldimethylsilylated N ,N-dimethylhydrazine 
(147) within 12 hr. Thereafter, the reaction mixture was diluted with ether and washed 
with water, then several times with sodium hydroxide (1 N). The dried ether solution 
was concentrated to dryness, leaving a crude yellow oil (75 mg). 1H-n.m.r. (300 MHz) 
of the unpurified t-buty/dimethy/sily/ated N,N-dimethy/hydrazine (147) 8 7.82-7 .80, m, 
3H, H-4, H-5 and H-8; 7.74, s, lH, H-1; 7.55, d, J 8.8 Hz, lH, H-3; 7.48-7.39, m, 
2H, H-6 and H-7; 4.12, m, lH, H-1'; 2.41, s, 6H, N(CH3) 2; 1.20-0.80, m, 1 lH, 
CH2Si and SiC(CH3h; -0.02, s, 6H, Si(CH3) 2. Analysed by g.c./m.s., the retention 
time of the N,N-dimethylhydrazine (147) was 19.34 min. G.c./mass spectrum: m/z 328 
(M+, 3%), 269 (54), 211 (61), 195 (24), 185 (16), 154 (15), 115 (32), 73 (100), 59 
(31). CI-mass spectrum: m/z 329 (M++l, 49%), 269 (100). 
To a mixture of the unpurified N ,N-dimethylhydrazine (147) (75 mg, 0.23 
mmole) and t-butylbenzene (10 mg, 0.07 mmole) in acetonitrile (4.1 ml) was added, 
dropwise with stirring, 40% aqueous hydrogen fluoride (0.5 ml) at room temperature.21 
The resulting mixture was heated to 55-60 °C and stirred at this temperature for 2 hr. 
After cooling, the reaction mixture was added to saturated aqueous sodium hydrogen 
carbonate overlaid with ether. The ether layer was separated and dried. G.c. analysis 
indicated that 2-viny/naphtha/ene (148) was formed in 70% yield. The retention (10.80 
196 
min) and g.c./m.s. fragmentation pattern of 2-vinylnaphthalene (148) were identical to 
those of an authentic sample. 
197 
References: 
1. D.D. Perrin, W.L.F. Annarego and D.R. Perrin: Purification of Laboratory 
Chemicals, 1980, 2nd ed., Pergamon Press, Oxford. 
2. M.R. Winkle, J.M. Lansinger and R.C. Ronald, J. Chem. Soc. Chem. Comm., 
1980, 87. 
3. R.H. Wiley, S.C. Slaymaker and H. Kraus, J. Org. Chem., 1957, 22, 204. 
4. R. Jaouhari, C. Filliatre, J.J. Villenave and G. Bourgeois, Org. Mass Spectrom., 
1983, 18, 499. 
5. A. Alexakis, J. Berlan and Y. Besace, Tetrahedron Lett., 1986, 27, 1047. 
6. Y. Horiguchi, S. Matsuzawa, E. Nakamura and I. Kuwajima, Tetrahedron Lett., 
1986, 27, 4025. 
7. M. Suzuki, T. Suzuki, T. Kawagishi, Y. Morita and R. Noyori, Isr. J. Chem., 
1984, 24, 118. 
8. R.K. Haynes, D.E. Lambert, P.A. Schober and S.G. Turner, Aust. J. Chem., 
1987,40, 1211. 
9. For substitution of hexamethylphosphoric triamide by the cyclic urea DMPU, see: 
T. Mukhopadhyay and D. Seebach, Helv. Chim. Acta, 1982, 65, 385. 
10. No evidence was reported for structural assignment for the N ,N-dimethyl-
hydrazone (85) but this compound was employed in the synthesis of 
198 
dihydrojasmone, see: A. Hosomi, A. Shirahata, Y. Araki and H. Sakurai, J. Org. 
Chem., 1981, 46, 4631. 
11. For oxidative hydrolysis using aqueous sodium periodate, see: 
a) E.J. Corey and D. Enders, Tetrahedron Lett., 1976, 17, 3, 11. 
b) E.J. Corey and D. Enders, Chem. Ber., 1978, 111, 1337 and references 
therein. 
12. For silylation of N ,N-dimethylhydrazones, see: 
a) E.J. Corey, D. Enders and M.G. Bock, Tetrahedron Lett., 1976, 17, 7. 
b) E.J. Corey and D. Enders, Chem. Ber., 1978, 111, 1362. 
13. T.V. Lee, S.M. Roberts, M.J. Dimsdale, R.F. Newton, D.K. Rainey and C.F. 
Webb, J. Chem. Soc. Perkin I, 1978, 1176. 
14. E.J. Corey and A. Venkateswarlu, J. Am. Chem. Soc., 1972, 94, 6190. 
15. D. Enders, H. Eichenauer, U. Baus, H. Schubert and K.A.M. Kremer, 
Tetrahedron, 1984, 40, 1345. 
16. No evidence was reported for structural assignment of the octan-2-one (133). 
17. E.J. Corey and S. Knapp, Tetrahedron Lett., 1976, 17, 3667. 
18. R. Ballini and M. Petrini, J. Chem. Soc. Perkin I, 1988, 2563. 
19. D. Enders and H. Schubert, Angew. Chem. Int. Ed. Engl., 1984, 23, 365. 
199 
20. P.F. Hudrlik and D. Peterson, J. Am. Chem. Soc., 1975, 97, 1464 and 
references therein. 
21. R.F. Newton and D.P. Reynolds, Tetrahedron Lett., 1979, 20, 3981. 
22. a) H.R. Henze, B.B. Allen and W.B. Leslie, J. Org. Chem., 1942, 7, 326. 
b) S. Araki, M. Ohmura and Y. Butsugan, Bull. Chem. Soc. Jpn., 1985, 58, 
1607 {1H-n.m.r. (CC14) 8 6.10-4.60, m, 3H, olefin; 2.10, d, J 7 Hz, 2H, 
allyl CH2; 1.70, brs, lH, OH; 1.30, m, 6H, (CH2)3CH3; 1.03, s, 3H, 
CH3-4; 0.88, brt, 3H, CH2CH3. Mass spectrum: m/z 124 (M+-H20)}. 
23. M. Fieser and L. Fieser: Reagents for Organic Synthesis, 1969, Vol. 2, pp. 154, 
Wiley-Interscience, New York. 
pp. IV 
. pp. VI 
pp. 3 
pp. 12 
pp. 18 
pp. 26 
pp. 38 
pp. 49 
pp. 75 
pp. 81 
ERRATA 
Line 8 to 9 hould read "INEPT insen itive nuclei enhanced by 
polarization transfer". 
and el ewhere The terms carbonyl and conjugate might be more 
appropriate than 1,2- and 1,4- to describe the regiochemical outcomes of 
additions to enones. 
Line 11 should read "focus". 
Line 7* should read " ... aggregation, and indeed ... ". 
Line 6 to 7 should read " ... , by appropriate Witting-type condensation.". 
Line 11 to 12 should read " ... , produces the desired 9a-hydroxy isomer 
with complete selectivity.". 
Line 8, 9 and elsewhere Issues of Tetrahedron Letters prior to 1980 were 
not assigned volume numbers by the publisher. The volume numbers cited 
here are calculated back from volume 21, 1980. 
Line 8 should read "Roth and Kleeman (cited in reference le) ... ". 
Line 8* should read "Moreover, treatment of the enolate (64) ... ". 
Line 3 to 4 and line 3* "ethyl 2-bromoethanoate" should read "ethyl 2-
bromoacetate" and "presented" should read "present". 
pp. 121 Line 11 "much slower" should read "much more slowly". 
pp. 158 Line 2 "hostage" should read "hotstage". 
pp. 167 Line 9 Add "4-t-Butoxycyclopent-2-enone was prepared according to the 
procedure described in J. Schwartz, M.J. Loots and H. Kosugi, J. Am. 
Chem. Soc., 1980, 102, 1333". 
169 L . 1* d 175 1· 12* "1H II h Id d "1H pp. 1ne an pp. , 1ne -n.m.r.... s ou rea -n.m.r. 
1 • II ana y 1 .... 
pp. 180 Line 5 in ert "(in an approximately 1: 1 ratio from g.c./m.s.)". 
pp. 192 Line 13 Compound (114) hould be named a 4-methyloct-1-en-4-ol. 
* from the bottom of page. 
